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PEEFACE. 

It  is  admitted  at  once,  that  Nautical  Surveying,  like  Navigation, 
and  in  fact  any  other  profession  or  trade,  cannot,  nor  ever  will,  be 
learnt  by  book  only :  nothing  that  has  ever  been  written  will 
teach  a  beginner  to  use  instruments:  and,  quoting  from  J.  E. 
Laughton's  excellent  small  work,  "  the  taking  of  observations  on  ' 
shore,  even  with  the  sextant,  does  not  come  altogether  by  the 
light  of  nature;  whilst  choosing  suitable  points  for  'fixing'  or 
for  '  shooting  up,'  be  they  lumps  of  wood  or  carrion  thrown  up 
by  the  tide,  or  a  twig ;  the  numerous  little  artifices  necessary  to  catch 
the  light,  even  the  correctly  and  quickly  reading  a  sextant,  are  all 
things  to  be  learned,  and  can  only  be  learnt,  by  actual  practice." 

The  purport  of  this  work  is  a  general  explanation  of  handling 
instruments,  their  theory,  the  theory  and  practice  of  Nautical 
Surveying,  and  the  application  of  one  to  the  other  towards  a 
practical  end. 

It  is  only  a  fully  equipped  surveying  ship,  commissioned  for 
that  purpose,  which  will  ever  undertake  the  survey  of  a  coast; 
that  part  of  Nautical  Surveying  is  therefore  not  included. 

As  a  rule,  however,  the  specially  commissioned  ship  surveys  all 
those  harbours  which  have  any  pretensions  to  a  present  or  a  near 
future  commerce. 

In  the  course  of  time  many  changes  take  place  in  harbours ; 
in  the  depths,  and  in  consequence  in  the  buoys  and  lights ;  and 
the  details  of  the  surroundings  are  constantly  increasing  or 
altering. 

There  are  still  nooks  and  comers,  even  in  the  British  Islands, 
now  perhaps  too  unimportant  for  the  cost  entailed  in  the  employ- 
ment of  a  surveying  ship;  their  outline  has  been  but  roughly 
and  perhaps  incorrectly  sketched  by  an  enthusiast. 
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VI  PREFACE. 

This  book,  then,  is  intended  for  : — 

1.  The  guidance  and  reference  to  all  those  whose  duty  is  to 
intelligently  and  correctly  report  to  the  proper  authorities  the 
changes  that  are  occurring  in  the  harbours,  rivers,  etc.,  over  which 
they  have  control. 

2.  Those  who,  interested,  enthusiastic,  or  progressive,  wish  to 
carry  out  an  origmal  work. 

There  are  still  others,  in  outof-the-way  parts,  not  quite 
included  in  the  above,  who  may  have  occasion  to  survey  river 
sources  opened  up  perhaps  for  concessions,  etc. ;  or  others  again 
who  may  be  called  upon  to  report  the  changes  in  the  depths  or 
shoals  in  channels  which  are  out  of  the  direct  jurisdiction  of  local 
harbour  authorities :  for  these  too  this  is  written. 

In  the  case  of  original  work  it  must  be  borne  in  mind  that, 
since  the  outline  of  no  two  surveys  is  exactly  alike,  each  must  be 
approached  practically,  in  a  manner  modified  by  the  conditions, 
and  this  is  where  practical  experience  is  so  necessary;  but  the 
principle  underlying  the  whole  process  of  any  survey  is  exactly 
the  same,  viz.  building  up,  on  the  most  accurate  data  under 
the  conditions. 

Theory  is :  what  are  the  most  accurate  data  to  employ  ? 

Practice  is  :  how  to  obtain  the  data  and  how  to  apply  theory : 
one  is  of  no  use  without  a  knowledge  of  the  other. 

With  ever  so  much  practice,  it  is  still  a  quite  common  fault  to 
take,  and  to  construct  on,  data  theoretically  not  sufficiently  cor- 
rect ;  therefore  the  result  is  unnecessarily  erroneous. 

This  book  is  intended  to  supply  a  very  long-felt  want  of,  theory, 
the  explanation  of  elementary  practice  with  instruments,  and  their 
combined  application  to  Nautical  Surveying. 

For  more  advanced  study  of  the  subject,  the  late  Admiral 
Wharton  contributed  a  very  complete  work,  for  the  use  of  survey- 
ing ships ;  while  the  late  Admiral  P.  Shortland's  Surveying  is 
advanced  theory,  approached  purely  from  a  mathematician's  point 
of  view.     The  reader  is  referred  to  both  for  additional  assistance. 

Acknowledgment  is  due  to  Lieutenant  P.  0.  Griffiths,  R.N.R., 
for  his  valuable  assistance  and  suggestions. 

No  hydrographic  survey  is  possible  without  a  sextant.  Observ- 
ing that  this  is  the  case,  considerable  space  is  devoted  to  its 
description  and  to  its  errors,  so  as  to  serve  as  a  guide  to  the 
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purchase  of  the  mcMst  suitable  instrument  required,  and  give  full 
information  in  its  use. 

The  use  of  a  station  pointer  for  fixing  is  entered  into  as  fully 
as  possible,  bearing  in  mind  its  all-importance. 

A  knowledge  of  plane  trigonometry  and  of  spherical  trigo- 
nometry is  presupposed. 

The  practical  part  is  taken  in  sequence  as  new  elements  are 
introduced,  and  as  the  magnitude  or  nature  of  the  survey 
deyelops ;  each  example  and  each  explanation  should  be  studied 
in  the  consecutive  order  they  are  placed. 

The  chapter  on  Tides  is  sandwiched  in  after  "  Plotting " ;  and 
since  it  bears  an  intimate  relation  to  "  sounding,"  which  in  the 
ordinary  course  of  events  follows  "plotting,"  "Tides"  is  the  con- 
necting link  between  the  plotted  triangulation  and  the  "  sounding '* 
which  follows. 

As  this  work  developed,  it  was  found  that  the  finale  of  any 

given  survey  introduced  matter  which  could  be  no  longer  called 

elementary ;  it  is  therefore  given  in  order  to  bring  the  survey  to 

its  proper  conclusion. 

STUART  V.  S.  C.  MESSUM. 

RoTAL  Naval  College, 
February  1910. 
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PART   L 

THE    SEXTANT 
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CHAPTER  I. 

GENERAL. 

1.  Introductory,  and  Definition.— The  sextant  is  so  called 
because  the  extent  of  the  arc  is  about  ^  of  a  circle. 

A  quadrant  was  about  |  of  a  circle. 

A  quintant  about  -^  of  a  circle. 

The  latter  two  are  now 
obsolete. 

An  octant  is  about  ^  of  a 
circle ;  Its  use  is  uncertain. 

A  sextant  may  be  required 
for  shore  'observations,'  for 
sea  'sights'  or  general  pur- 
poses, and  for  boat  work. 

There  have  been  but  few 
improvements  made  in  the 
sextant  since  its  original  intro- 
duction. 

2.  Principle  of  Sex- 
tant.— It  is  designed  for 
measuring  by  reflection, 
through  a  system  of  mirrors, 
the  angle  between  two  objects 
in  any  plane. 

I  (fig.  1)  represents  the  'Index  Glass'  or  mirror;  so  called 
because  its  movement  indteates  the  angle.  It  is  let  into  a  metal 
frame,  the  right  edge  of  which  is  usually  bevelled  for  purposes 
of  adjustment.     (See  Adjustment  of  Index  GIom.) 
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•  •  • 

■    •  • 


:  ;'H  is  tbcL-*floii^n  Glass.' 

•  '•in  the*  8extBNit)»' used  for  'sights,'  the  lower  half  only  is 
•siW^ed-;  -  bj  heiug  "silvered  in  part  only,  the  line  of  demarca- 
!i(iOi>'i^.pi^v{ui2/^'^^>c>^^^o^  obtrude  in  the  line  of  vision  when 
taking  sights ;  but  in  those  special  sextants  used  for  measuring 
angles  only,  i.e.  for  boat  work,  the  whole  glass  is  silvered ;  the 
interference  of  the  top  of  the  frame  is  not  appreciable. 

An  image,  R  (R  denoting  right,  because  in  measuring  an 
angle,  with  the  sextant  the  usual  way  up,  it  is  the  object  R  on 
the  right  that  is  reflected)  is  received  into  the  mirror  I. 

By  one  of  the  laws  of  optics  "  the  angle  of  reflection  is  equal  to 

the  angle  of  incidence " :  R  is  then  reflected  off  at  the  mirror  I 

at  the  same  angle  with  the  mirror  that  it  impinged  thereon  (fig.  2). 

Attached  to  I  there  is  a  radius  bar  I V,  with  an  index  at  the 

end  V ;  this  index  moves  along  the  graduated  arc  A  G. 

By  moving  this  bar  roimd,  the  angle  of  the 
mirror  I  is  changed;  and  the  change  is  so 
manipulated  by  the  observer,  that  the  reflected 
image  of  R  is  caught  in  the  mirrored  half  of 
H,  whence  it  is  again  reflected  off  H ;  the  ray 
enters  the  line  of  the  telescope,  and  is  trans- 
mitted to  the  eye,  and  is  there  seen  superposed 
on  L,  the  left  object,  which  is  visible  either 
through  the  clear  part  of  the  horizon  glass, 
or  just  above  it :  the  '  direct '  object  and  the 
'  reflected '  object  are  then  in  contact. 

In  practice,  then,  an  observer  with  his  eye 
along  the  line  0  L  looks  at  the  left  object  L, 
sees  it  either  through  the  unsilvered  portion  of 
the  glass  H  or  over  the  top  of  H ;  by  moving  the 
radius  bar  I V  he  brings  into  the  field  of  vision  the  reflection  of 
R,  seen  through  the  silvered  part  of  H ;  clamps  the  bar  with  the 
'clamping  screw,'  and  by  a  slow  movement  worked  with  a 
'tangent'  screw,  brings  R  coincident  with  L:  providing  the 
0**  on  the  arc  to  be  the  position  of  V  when  H  and  I  are  parallel, 
then  the  reading  at  V  is  the  angle  at  0,  between  R  and  L. 

8.  Place  of  Sextant  when  Observing. — By  the  diagram 
(fig.  1)  it  will  be  seen  that  if  R  I  is  produced  to  meet  H  O  at  O, 
then  R  O  L  is  the  angle  at  0  between  R  and  L. 

Position  of '  Receiving  Angle.' — If  R'  O'  L  is  another  angle, 
between  R'  and  L,  then  the  position  of  the  point  which  '  receives ' 
the  angle  is  now  0^  Therefore,  for  every  angle  observed  the 
point  of  the  '  receiving '  angle  is  different ;  and  theoretically  the 
sextant  would  have  to  be  adjusted  in  its  position  over  a  given  spot, 
to  accurately  measure  the  angle  between  any  two  objects.  This 
is  not  done  in  practice :  either  the  index  glass  or  the  handle  of 
the  sextant  is  placed  over  the  spot  where  the  angle  is  taken  from ; 
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the  error  might  be  still  further  lessened  if  the  collar  of  the 
telescope  were  placed  over  the  spot ;  but  whichever  is  used  the 
error  exists  notwithstanding.  (See  Appendix  I.,  '  Parallax '  in 
a  Sextant.) 

4.  The  larger  the  angle,  the  nearer  0  will  be  to  H ;  and  con- 
versely, the  smaller  the  angle  the  further  is  0  from  H  along  the 
line  H  0. 

5.  ParallajL  in  Sextant  and  Index  Glass  over  Observa- 
tion Spot. — Parallax  in  a  sextant  is  the  difference  between  the 
position  of  an  object  as  seen  from  one  point  (H)  and  its  position 
as  seen  from  another  point  (I). 

The  measure  of  parallax  is  the  angle  at  the  object  R,  sub- 
tended by  the  distance  H  I. 

When  the  distance  to  R  is  very  great  as  compared  with  the 
length  H  I,  the  angle  subtended  at  H  being  less  than  the  least 
value  obtainable  on  a  sextant,  viz.  10"^,  then  parallax  can  be 
neglected,  and  the  ray  R  H  is  considered  parallel  to  and  coinci- 
dent with  R  I,  the  angle  I R  H  being  disregarded.  When  this  is 
the  case,  the  index  glass  (I),  or  in  fact  any  part  within  the  triangle 
H 1 0,  may  be  assumed  to  be  the  point  of  the  '  receiving '  angle. 
The  condition  does  not  arise  when  H  is  at  a  distance  of  less  than 
two  miles. 

6.  Parallax  when  Neglected.  Impracticability  of 
Measuring  Absolutely  three  Angles  of  a  Triangle  with  a 
Sextant.— Under  any  other  conditions,  the  error  introduced,  by 
not  placing  the  eye  at  the  position  of  the  receiving  angle  0, 
varies  with  the  distance  of  R  and  the  size  of  the  angle  measured. 

The  error  is  a  maximum  when  the  angle  is  105**;  and  with 
such  an  angle  at  100  yards  the  error  is  nearly  6^'.  Beyond  two 
miles  the  error  is  an  inappreciable  quantity  in  an  angular  measure- 
ment, as,  for  instetnce,  when  finding  index  error  by  the  method 
indicated  in  par.  66,  and  an  angle  is  approximately  correct  if  the 
index  glass  is  placed  over  the  point  whence  the  angle  is  taken ; 
within  two  miles  the  amount  is  appreciable,  depending  upon  the 
size  of  the  angle ;  and  a  sextant  cannot  practically  be  adopted 
for  the  purpose  of  measuring  a  correct  angle  on  account  of  this 
*  parallax ' ;  and  three  angles  of  a  triangle  the  length  of  whose 
sides  are  less  than  1000  yards  (roughly  half  a  mile),  each  angle 
being  to  the  nearest  minute,  cannot  be  observed  with  a  sextant 
so  that  their  sum  shall  equal  180** ;  for  further  investigation  see 
Appendix  I. 

7.  Value  of  Grculuations. — Though  the  arc  of  a  sextant  is 
only  equal  to  that  of  a  sector  of  a  circle  of  about  60''  the  angle 
measured  on  it  is  twice  that  amount ;  for,  as  the  radius  bar  is  moved 
through  10°,  both  the  reflected  and  incident  rays  have  been  each 
moved  through  10**  in  opposite  directions,  travelling  altogether  20*; 
then,  to  show  that  the  movement  of  the  angle  is  20'',  the  gradua- 
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tions  on  the  arc  are  doubled  in  value 
accepted  proof : — 

Referring  to  fig.  3 — 


or  here  is  the  usually 


Fig.  8. 

R  0  L  is  the  angle  to  be  measured ;  VIC  is  the  angle  moved 
through  by  the  index  glass  and  given  on  the  arc. 
Draw  H  X  parallel  to  I G  and  produce  it  to  Y. 
HZI  =  HOI  +  ZIO 
ZIO  =  RIX'  =  ZIH 
.-.HZI-HOI  +  ZIH 
also  HZI »  ZXH  +  ZHX 
=  ZXH  +  IHY 

=  ZXH  +  (HXI  +  HIX)  or  ZXH  +  (ZXH  +  ZIH) 
.  •.  HOI  +  ZIH  =  ZXH  +  ZXH  +  ZIH 

and  HOI  =  2  ZXH  ;  but  ZXH  =  VIC 
.-.  H0IorR0L  =  2  VIC 

Showing  that  the  angle  observed  H  0 1  =  twice  that  measured 
on  the  arc  (2  VIC);  therefore  the  graduations  on  the  arc  are 
doubled  to  show  the  correct  angle. 

Other  Parte  of  the  Sextant. 

8.  GoUar.  Up  and  Down  Piece. — The  ring  with  a  screw 
holds  the  telescope,  and  is  called  the  'collar.'  It  is  capable  of 
being  raised  or  lowered  by  the  *  up  and  down  *  piece. 

9.  Teleecopes. — Two  telescopes  are  included  with  the 
sextant;  the  longer  of  the  two  is  supplied  with  two  'eye- 
pieces,' one  of  higher  magnifying  power  than  the  other:  with 
either  '  piece '  it  has  a  higher  magnifying  power  than  the  shorter 
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telescope,  and  the  objects  seen  through  it  are  inverted;  it  has 
two  pairs  of  cross  wires.  This  long  telescope  is  always  used  with 
the  high-power  'eye-piece'  for  shore  observations  in  connection 
with  the  artificial  horizon,  and  generally  afloat  when  taking 
'sights,'  with  the  lower-power  *  eye-piece,' 

10.  Star  Teleecope. — It  is  customary  to  supply  a  star  tele- 
scope, distinguishable  from  any  other  by  the  largeness  of  its 
object  glass ;  this  arrangement  is  for  giving  a  brighter  field  so  as 
to  obtain  a  better  and  more  distinct  view  of  the  sea  horizon. 

11.  Attached  Shadea — ^When  taking  shore  observations  the 
two  images  of  the  sun  should  be  of  equal  brilliancy. 

The  shades  fitted  to  a  sextant  are  screens;  the  one  set, 
placed  between  the  index  and  the  horizon  glasses,  is  to  shade  the 
imi^e  reflected  by  the  index  glass ;  those  in  front  of  the  horizon 
glass  are  to  shade  the  sun  seen  directly  through  or  over  the  glass. 

12.  'Up  and  Down'  Piece  Regulating  BriUiaacy. — It 
often  happens  that  owing  to  the  bad  silvering  of  the  glasses,  or  to 
the  insufficiency  of  the  shades,  or  even  to  the  quality  and  oleanli- 
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ness  of  the  mercury  in  the  artificial  horizon,  the  shades  do  not 
produce  the  equal  brilliancy  required ;  the  '  up  and  down '  piece 
is  then  resorted  to,  and  the  telescope  raised  or  lowered. 

Fig.  4  represents  the  appearance  when  the  telescope  is  pointing 
midway  between  the  mirror  part  of  the  glass  and  the  unsilvered 
portion. 

Fig.  5,  the  appearance  when  the  telescope  is  raised,  so  as  to  get 
a  clearer  view  through  the  upper  half  of  the  glass ;  this  will  also 
lessen  the  tone  of  the  reflected  image.  In  the  converse,  fig.  7, 
the  reflected  image,  if  the  sun,  will  be  brighter ;  if  a  terrestrial 
object^  will  be  better  defined. 

Since  the  actual  size  of  the  reflected  sun  as  it  passes  from  the 
index  glass  to  the  horizon  glass  is  only  about  ^  in.,  the 
telescope  may  be  raised  considerably  without  the  sun  entirely 
disappearing  from  the  field  of  view. 

13.  Raising  Telescope  for  Star  Observations.  —  When 
taking  stars  at  night  there  is  a  difficulty  in  distinguishing  the  sea 
horizon ;  one  aid  is  the  larger  object  glass,  and  the  second  aid  is 
to  raise  the  telescope.     (See  fig.  6.) 

Evidently,  to  be  most  efficient,  the  horizon  glass  should  be  the 
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size  of  the  star  telescope  object  glass,  or  the  frame  of  the  glass 
will  interfere.     (See  fig.  6.) 

In  a  great  many  sextants  it  is  not  so,  and  in  such  the  advantage 
of  the  star  telescope  is  not  wholly  effective. 

14.  Short  Telescope  for  Measuring  Angles  or  for  Sea 
Sights. — There  is  also  sometimes  a  short  telescope,  not  inverting 
and  of  a  smcUl  modifying  power,  supplied  in  a  sextant  box.  It 
has  no  cross  vnres.  It  may  be  used  when  great  accuracy  is 
not  required  in  sea  sights;  and  should  always  be  used  for 
measuring  angles  between  terrestrial  objects,  for  the  objects 
observed  are  better  defined  and  the  position  of  the  eye  in  the  line 
of  coUimation  is  more  definite.     Also  see  par.  68  (note). 

15.  In  measuring  angles  between  two  objects  with  a  sextant 
held  the  right  way  up,  the  right  object  is  reflected  so  as  to  coin- 
cide with  the  one  on  the  left. 

Distinctness  Lost  by  Reflection. — In  practice  the  right 
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object  is  not  always  very  distinct,  and  loses  in  detail  when 
reflected  ;  in  this  case  the  telescope  will  have  to  be  lowered.  (See 
fig.  7.) 

Up  and  Down  Piece  in  Taking  Angles. — When  the  right 
object  is  too  indistinct  to  be  reflected,  then  the  action  of  measur- 
ing an  angle  to  it  is  reversed.  The  sextant  is  held  handle  up, 
and  the  left  object  is  reflected  to  the  right.  It  is  a  very  unhandy 
way  of  obtaining  the  angle,  and  is  not  generally  resorted  to, 
though  it  is  unavoidable  in  some  conditions  of  lunar  observations. 
A  simple  way  is  to  reflect  to  each,  another  well-defined  object 
which  is  to  the  right  of  both,  and  subtract  the  angles. 

16.  Tube  Without  Glasses. — The  tube  without  glasses, 
sometimes  supplied,  is  a  substitute  for  the  short  telescope,  and 
is  for  exactly  the  same  purpose,  though  of  course  it  is  not  quite 
so  effective.  It  helps  to  concentrate  the  vision,  and  keeps  the  eye 
in  its  proper  place  at  the  sextant. 

17.  Coloured  Eye-pieces. — The  little  coloured  eye-pieces  are 
substitutes  for  the  shades  in  the  sextant ;  these  shades  may  be 
in  error,  and  in  the  operation  of  taking  shore  observations  both 
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Bets  of  shades  are  used ;  any  errors  due  to  them  are  eliminated 
by  using  the  coloured  eye-pieces^  the  equal  brilliancy  being 
regulated  by  means  of  the  up  and  down  piece. 

18.  Arc  and  Vernier. — Finally  there  is  the  *  divided '  arc, 
and  the  vernier  for  '  reading  off'  (fig.  8).  The  arc  is  of  platinum 
graduated  by  machine  into  parts  representing  10'  of  arc.  By  the 
vernier,  each  of  these  10'  on  the  arc  is  again  subdivided  into 
single  minutes  and  tens  of  seconds. 

Arc 

— w^ 


Vernier 

Fio.  8. 

Vernier. — The  result  is  obtained  by  making  the  space  occupied 
by  119  divisions  on  the  arc  equal  to  the  60  divisions  on  the 
vernier,  so  that  each  vernier  division  then  equals  two  arc 
divisions  minus  ^  of  an  arc  division  (10'),  and  is  consequently 
10"  less. 

For,  suppose  the  60  divisions  of  the  vernier  equal  to  120 
divisions  on  the  arc,  then  each  vernier  division  would  coincide 
with  two  arc  divisions;  but  since  they  are  made  equal  to  119 
arc  divisions,  then  the  vernier  divisions  will  be  xkjy  of  two  arc 
divisions  =  10"  behind ;  and,  if  the  index  of  the  vernier  be  set  at 
a  division  of  the  arc,  then  the  next  vernier  division  will  be  10" 
behind  two  divisions  further  on  on  the  arc ;  the  next,  20"  behind 
the  fourth  division  further  on  the  arc,  and  so  on ;  the  60th  division, 
sixty  times  10"  behind » 10',  or  exactly  one  division  of  the  arc. 
So  that  it  has  lost  exactly  one  division  in  its  whole  measurement, 
and  therefore  equals  119  divisions  of  the  arc. 

If,  now,  the  vernier  is  advanced  so  that  its  first  division  coincides 
with  a  division  of  the  arc,  the  reading  must  have  been  advanced 
exactly  10",  and  wherever  the  lines  of  the  arc  and  vernier  form  a 
continuous  line  they  are  said  to  'cut,'  and  that  will  be  the 
reading  in  odd  minutes  and  tens  of  seconds,  beyond  the  tens  of 
minutes  which  the  index  indicates  on  the  arc.  In  coarsely 
divided  sextants,  the  continuous  line  of  the  arc  and  vernier  is  not 
very  evident,  and  notice  should  be  taken  of  the  fact  at  the  time 
the  instrument  is  purchased. 

19.  In  the  method  adopted  in  '  sights '  on  shore,  it  is  usual  to 
'  clamp '  or  '  set '  the  index  of  the  vernier  at  a  given  reading  of 
an  even  10'  on  the  arc.  It  is  very  necessary  in  such  a  case 
that  the  setting  should  be  as  accurate  as  possible  j  the  vernier 
graduations  to  the  right  of  the  index  are  an  aid  to  those  on  its 
left,  to   this  end;  for  each  division  of  ea>ch  side  of  the  index 
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should  be  equally  distant  from  the  arc  division  nearest  to  it ;  in 
fig.  9  the  reading  is  set  at  50**  10'. 


50" 


Lib. 


n 

Via.  9. 


^ 


Arc  of  Excess. — These  extra  graduations  to  the  right  of  the 
index  are  known  as  the  *  arc  of  excess '  on  the  vernier,  and  it  is 
a  very  useful  and  necessary  part  of  the  instrument,  and  essential 
when  properly  understood. 

20.  Loss  of  Definition  through  Large  Angles  of 
Reflection. — The  arc  of  the  sextant  is  divided  from  0  to 
usually  about  150'',  but  too  great  dependence  cannot  be  placed 
on  angles  beyond  IdO"",  on  account  of  the  obliqueness  of  the  ray 
from  the  images  reflected.  The  loss  of  definition  will  depend 
upon  the  mirror,  but  it  will  not  be  noticeable  if  the  angle  between 
the  front  and  back  faces  is  less  than  1". 

21.  Arc  of  Excess  on  the  Arc. — There  is  also  an  arc  of 
excess  on  the  arc;  this  is  for  measuring  small  angles  up  to 
about  5*,  as  will  be  explained  later.  If  such  an  angle  is 
measured  both  on  the  left  of  the  0  and  on  the  right,  the  error  of 
the  position  of  the  0  is  cancelled,  and  the  mean  of  the  two 
readings  is  the  correct  one;  the  difference  between  the  mean 
reading  and  either  one  is  the  error  of  the  index  (see  Index  JSrror^ 
par.  73). 

If  an  angle  measured  to  the  left  of  the  0  reads  3°  SO',  and 
measured  to  the  right  reads  S"",  then  the  correct  angle  is  3**  15', 
and  the  error  in  the  position  of  the  arc's  index  is  minus  15'  to  all 
readings  made  on  the  left,  and  plus  15'  to  those  made  on  the 
right. 

22.  Clamping  and  Tangent  Screw  of  Vernier. — At  the 
vernier  end  of  the  radius  bar,  and  underneath,  there  is  a  screw 
for  clamping  the  vernier  to  the  arc.  When  the  radius  bar  is 
moved,  and  a  rough  contact  made  between  the  reflected  and 
direct  image,  the  vernier  is  clamped.  At  the  side  of  the  vernier 
plate,  tangential  to  the  arc,  is  the  '  tangent '  screw ;  by  its  use 
a  slow  movement  of  the  vernier  is  obtained,  and  the  exact 
contact  made. 

23.  Butting  of  Tangent  Screw. — This  tangent  screw  is 
only  about  1  inch  long;  and  at  some  period  or  another  either 
end  of  it  will  butt,  if  constantly  screwed  in  one  direction;  in 
which  case  it  must  be  replaced  in  the  centre  or  at  either  end  of 
its  run.     When  taking  sights  in  an  artificial  horizon  it  is  very 
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doBirable  to  start  the  sights  with  the  tangent  screw  at  one  end  or 
another  of  its  run,  depending  upon  whether  the  altitude  is 
increasing  or  decreasing. 

In  all  'screw  motion'  there  is,  unless  counteracted,  a  'back 
lajsh '  known  sometimes  as  '  lost  time ' ;  and  as  the  threads  wear, 
so  will  the  '  back  lash '  be  variable. 

The  effect  of  this  is  to  modify  the  reading  at  the  moment  the 
tangent  screw  is  let  go,  and  its  amount  will  vary  in  each  thread  ; 
the  error  may  be  as  much  as  20". 

In  the  better  class  of  sextants  there  is  a  counteracting  spring, 
at  the  end  of  the  screw,  whereby  a  'back  lash'  is  practically 
eliminated. 

Note. — There  is  in  the  market  an  improved  movement  for  self 
clamping,  with  an  endless  tangent  screw;  obviating  the  double 
necessity  of  shifting  the  position  of  the  hand  to  clamp,  and  of 
afterwards  adjusting  by  the  tangent  screw. 


CHAPTER  II. 


EFFICIENCY  AND   EBBOBS. 

Thb  efficiency  of  a  sextant  will  depend  upon  its  mechanical  con- 
struction, bpth  of  the  materials  and  putting  them  together; 
secondly,  upon  its  being  Mn  adjustment';  and  the  errors  in  any 
observation  will  be  made  up  of  both  of  these  combined  with 
personal  error. 

24.  MaterialB  of  Construotion. — Most  sextants  are  made  of 
metal,  and  are  cast;  built  frames  are  now  rare  and  always 
dependable ;  but  unless  the  metal  is  good,  the  instrument  is  liable 
to  modify  its  shape,  or  not  stand  fair  wear  and  tear  in  its  parts. 

25.  Dividing  and  Centring  Error,  when  Constructed. — 
The  arc  is  divided  by  machinery,  and  each  maker  therefore  has  an 

individual  error,  owing  to  a  faulty 
C  position  of  the  pivot  or  centre  from 

which  the  arc  is  cut.  It  is  not,  in 
fact,  the  centre  of  the  circle  of 
which  the  arc  is  a  part  of  the 
circumference.  Again,  the  divisions 
are  not  always  'finely'  cut,  and 
the  reading  therefore  is  ambiguous 
to  within  20"  or  even  30". 

26.  Centring  Error.  —  When 
the  radius  bar  that  holds  the 
vernier  is  placed  in  position  its 
pivot  will  not  coincide  with  the 
position  of  the  pivot  from  which 
the  arc  is  cut — it  never  will  do 
so  exactly.     This  is  known  as  centring  error. 

If  in  fig.  10  C  is  the  pivot  from  which  the  arc  A  0  =  48*  and  C 
is  the  pivot  of  the  vernier  bar  C'A,  known  as  the  radius  bar, 
then  if  an  angle  0  C  A'  is  measured  with  the  sextant  it  will  be 
read  off  as  OCA  on  arc  OA,  instead  of  on  arc  OA'.  In  this 
case  the  angle  read  off  is  too  small.     C  may  be  anywhere.     It  is 

10 


Fig.  10. 
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probable  that  every  sextant  has,  or  will  have  in  the  course  of  time, 
centring  error. 

27.  Effect  of  Centring  Error  in  the  Vernier. — One  effect 
of  centring  error  is  that  the  vernier,  if  of  correct  size  and  correct 
fit  at  the  0*"  end  of  the  arc,  will  cease  to  be  correct  as  it  is  moved 
round ;  it  will,  in  fact,  be  pushed  or  pulled  out  of  place,  accord- 
ing to  the  error  of  position  of  C,  and  consequently  will  be  too 
wide  or  too  narrow,  and  the  value  of  the  divisions  on  the  vernier 
will  no  longer  be  what  they  were  at  the  0°  of  the  arc. 

28.  '  Play '  in  the  Radius  Bar. — All  sextant  makers  make 
allowance  for  this  displacement  by  a  little  '  play '  on  the  length 
of  the  radius  bar,  where  it  falls  over  outside  the  arc. 

20.  Error  of  Planes,  of  Pivot,  and  of  Arc. — There  is  also 
an  error  in  connection  with  the  pivot.  When  its  vertical  plane 
is  not  at  right  angles  to  the  plane  of  the  arc,  this  will  give  a 
twist  to  the  radius  bar;  consequently,  the  vernier  does  not  lie 
flat  on  the  arc,  and  an  error  in  the  reading,  due  to  parallax,  is 
introduced.  This  error  ccm  be  prochiced  by  constantly  lifting  the 
sextant  in  a/nd  out  of  the  box  by  means  of  the  radius  bar. 

30.  Glasses. — In  the  putting  together  of  the  glass  parts  of  a 
sextant,  from  a  plate  of  ground  glass  the  maker  will  select  a  small 
piece,  as  suitable  for  an  index  or  a  horizon  glass ;  his  only  test 
in  doing  so  will  be  to  reflect  on  various  parts  of  the  glass  plate, 
at  a  very  large  angle,  any  suitable  object  close  at  hand.  If  the 
reflection  gives  a  well-defined  image,  the  piece  is  cut  from  the 
plate,  silvered,  and  placed  in  position.  As  a  matter  of  fact  such  a 
piece  of  glass  is  anything  but  perfect. 

31.  Prismatic  Error  of  Glasses. — It  will  be  noticed  in 
practice  when  observing  the  sun  with  an  artificial  horizon,  when 
the  angle  measured  is  usually  very  large,  that  the  image  of  one 
of  the  suns  will  probably  show  a  distinctly  blurred  limb,  or  even 
a  double  limb;  this  defect  in  its  j 
minutisB  will  be  undiscemible  in  a 
shop  where 
the  instru- 
ment may  be 
bought^  or  by 
almost     any 

other  test  ex-  p,^  ^^  p^^  12. 

cept     by    a 

star.     The  cause  is  due  to  the  face  and  back  not  being  parallel. 

Fig.  11  is  the  correct  path  of  a  ray  through  a  mirror,  front 
and  back  being  parallel. 

Fig.  12  is  the  path  through  an  imperfect  mirror.  The  blurred 
image  showing  a  double  star  is  a  combined  image  of  both  reflec- 
tions, one  part  being  from  the  upper  surface  of  the  glass,  the 
other  from  the  back. 
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If  the  figures  be  superposed,  an  observer  in  the  position  of  £ 
at  fig.  1 2  would  see  the  limb  reflected  from  fig.  1 1  and  that  from 
fig.  12.  This  error  will,  of  course,  be  very  pronounced  in  a  faulty 
index  glass,  when  the  angle  observed  is  a  large  one,  and  the 
defect  in  its  minutise  can  only  be  noticed  in  artificial  horizon 
sights. 

32.  Prismatic  Error  at  a  Minimum  in  Horizon  Glass. — 
A  horizon  glass  similarly  faulty  shows  no  appreciable  resulting 
error,  because  the  angle  of  incidence  and  of  reflection  is  very  small : 
what  there  is  will  be  absorbed  in  index  error, 

33.  The  ray  coming  from  the  index  glass,  and  thence  reflected 
to  the  eye,  is  a  constant  at  the  centre  of  the  field ;  for  any  sextant 
the  angle  of  incidence  is  generally  about  15*,  in  fact  half  the 
angle  at  the  centre  of  the  horizon  glass,  between  the  centre  of 
the  index  glass  and  the  line  of  the  telescope. 

34.  Convexity  of  Mirrors. — There  is  another  error  in  the 
glasses,  principally  in  the  horizon  glass,  of  frequent  occurrence, 
due  to  the  glass  being  *  squeezed.'  The  frame  is  made  to  hold 
the  glass  more  or  less  rigidly,  and  the  clips  are  supplementary 
grips;  either  through  increase  of  temperature,  the  glass  being 
irregularly  heated,  or  owing  to  the  adjusting  screw  being  too 
tightly  set  up,  the  glasses  may  take  up  a  convex  or  concave  form, 
resulting  in  elliptical  images  of  the  body  reflected.     (See  fig.  13.) 


Fio.  18. 

35.  Cause  of  < Squeezed'  Glass. — The  system  by  which  a 
glass  is  adjusted  by  screws  bearing  directly  on  it,  is  conducive  to 
such  an  error ;  this  is,  in  fact,  the  case  with  the  horizon  glass. 
The  only  way  of  finding  the  existence  of  an  elliptical  image  is  by 
sun  sights  in  an  artificial  horizon ;  for  the  moment  of  contact  for 
either  limb  of  the  image  reflected  by  the  sextant  with  the  image 
as  seen  directly  from  the  mercury  will  be  either  too  soon  or 
too  late.  For  further  explanation,  see  remarks  on  Personal 
Error,  par.  100. 

Reason  for  Observations  of  both  Ldmbs  of  the  Sun. — 
The  only  way  to  eliminate  the  error  is  to  take  observations  with 
both  limbs  of  the  sun  reflected  by  the  sextant. 

36.  As  a  rule,  the  error  is  not  so  gross  as  to  be  evident  to  the 
eye,  but  if  it  is,  ease  up  all  the  adjusting  screws. 

If  the  frame  is  to  blame,  there  is  no  present  remedy. 
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37.  Coloured  Shades.  Elimination  of  Errors  by  using 
Auxiliary  Coloured  Eye-pieces. — The  shades  also  are  liable 
to  both  of  the  above  defects ;  they  may  be  bent,  i,e.  convex  or 
concave,  and  if  their  faces  are  not  parallel  the  ray  is  bent  out  of 
its  true  course. 

To  find  the  error  is  too  complicated  for  practical  purposes.  It 
exists ;  and  in  taking  sights  on  shore,  instead  of  the  shades,  the 
little  coloured  eje-piece  is  shipped  on  to  the  end  of  the  telescope ; 
this  will  eliminate  the  error. 

The  horizon-glass  shades  should,  when  in  use,  lie,  not  parallel 
with  the  horizon  glass,  but  perpendicular  to  the  line  of  the  tele- 
scope ;  if  they  are  not  so,  there  is  a  liability  of  the  introduction 
of  *  ghosts.' 


CHAPTER  III. 
ERRORS. 

38.  Kew  Error. — It  is  essential  that  a  sextant  shall  possess  a 
Kew  certificate.  Usually  the  maker  submits  the  new  sextant, 
for  testing,  to  the  Kew  Observatory.  There,  with  the  aid  of  a 
special  instrument,  Cook's  testing  apparatus,  is  tabulated  for 
every  IS"*  the  amount  of  the  error  at  the  position  where  the 
index  of  the  vernier  registers  any  reading.  It  is,  in  fact,  the 
difference  between  this  reading  and  the  absolute  angle,  and 
is  therefore  a  total  error.  Kew  does  not  investigate  the  con- 
tributory causes. 

Kew  Gertiflcates. — Those  sextants  which  show  a  maximum 
error  of  not  more  than  40''  are  classed  A ;  those  of  more  than  2', 
class  B;  and  beyond  that,  the  instrument  is  rejected.  On  an 
average  one  in  eight  is  rejected. 

39.  Parts  of  Kew  Error. — The  Kew  error  is  mostly  made 
up  of  centring  error ;  a  combination  of  the  makers'  centring  error, 
that  is,  of  his  marking  machine,  and  of  the  error  in  the  position 
of  the  pivot  of  the  radius  bar;  theoretically  the  Kew  error 
increases  uniformly  and  varies  directly  with  the  size  of  the 
angle. 

40.  A  purchaser  should  by  no  means  be  guided  by  the  Kew 
certificate  for  a  valuation  of  the  instrument,  beyond  the  fact  that 
the  glasses,  vernier,  arc  and  telescope  have  passed  a  fairly  definite 
limit  of  test. 

41.  Effect  of  Centring  Error  on  Vernier  and  Readings. — 
Kew  error  does  not  include  the  error  of  the  misplaced  vernier 
consequent  on  the  centring  error ;  and  supposing  the  vernier  at 
120*  'cuts'  at  the  0  and  9,  then  the  vernier  divisions  are  ^^ths 
of  what  they  are  supposed  to  be. 

Let  the  reading  be  120*  4'  30" ;  then  Y^hs  of  4'  30"  =  5' ;  the 
correct  angle  is  120°  5'.  If  the  Kew  error  is  +  30"  then  the  true 
angle  is  120°  5'  30". 

42.  The  Kew  error  includes,  within  a  definite  limit,  squeezed 
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and  faulty  glasses,  and  the  residue  of  the  error  left  after  adjust- 
ments are  made.  All  but  the  faulty  glass  are  remediable  and 
variable,  and  it  is  even  possible  to  change  the  faulty  glass. 

43.  Centring  Error  not  Constant. — Centring  error  also 
will  change  in  the  course  of  time  through  wear  and  tear,  depending 
probably  on  the  material  of  construction,  and  on  the  workman- 
ship— rigidity  and  durability,  in  fact.  So  that  beyond  the  fact 
that  a  certain  sextant  has,  at  a  particular  moment,  a  total  error 
as  tabulated,  the  Kew  certificate  gives  little  assistance  in  valuing. 
It  is  no  more  than  a  qualifying  certificate. 

44.  Selection  of  a  Seztcuit. — In  selecting  a  sextant,  the 
first  consideration  is,  What  is  it  to  be  used  for?  If  for  boat 
purposes,  or  for  sea  sights,  the  requirements  are  not  so  rigid  as 
for  an  '  observing  *  sextant :  and  a  good  observing  sextant  could 
not  be  purchased  for  less  than  £10. 

46.  Bequirenxente  in  a  Sextant.  —  For  an  observing 
sextant — 

1.  The  glasses  must  be  true,  well  silvered,  and  reflect  very 
clearly. 

2.  The  telescope  should  be  good,  with  the  maximum  magnify- 
ing power  for  its  length,  and  the  object  glass  without  focal  error. 

3.  The  arc  and  the  vernier  should  be  finely  divided,  so  that 
the  '  cut '  appears  unmistakably  at  one  division  only,  and  there 
should  be  an  arc  of  excess  on  the  vernier  to  assist  in  setting  the 
index  at  any  given  reading. 

4.  The  vernier  must  fit  flat  on  the  arc,  at  every  portion  of 
the  arc. 

5.  The  glasses  must  be  firm  in  their  frames,  and  the  means 
for  adjusting  the  horizon  glass  should  not  press  on  the  glass ;  if 
a  star  telescope  with  a  large  object  glass  is  a  part  of  the  fittings, 
then  the  horizon  glass  should  be  of  corresponding  size. 

6.  The  clips  holding  the  index  glass  should  retain  sufficient 
spring  so  that  after  being  partly  extended  they  will  return  to 
their  original  position.  When  the  index  glass  is  adjusted  with 
the  screw  at  the  back  of  the  glass,  it  often  occurs  in  an  inferior 
sextant  that  the  clips  are  strained,  and  crippled  as  springs ;  the 
glass  will  then  be  quite  loose. 

7.  The  adjusting  screws  on  the  collar  should  be  well  clear  of  the 
flange  of  the  telescope  when  shipped,  so  as  to  allow  the  coUimation 
adjustment  to  be  made  without  unscrewing  the  telescope. 

8.  The  colour  of  shades  is  a  matter  of  choice,  those  usually 
supplied  satisfy  most  conditions;  but  see  that  when  the  index 
shades  are  put  up  they  do  not  partly  fall  in  front  of  the  object 
glass  of  the  telescope.  The  horizon  shades  must  be  at  right 
angles  to  the  telescope. 

46.  'Observing'  Value  of  a  Sextant.  —  Its  observing 
value  can  only  be  determined  by  observations. 
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47.  Value  of  Error  of  Construction. — Supposing,  then,  a 
sextant  class  A  with  a  Kew  error  at  the  date  of  its  examination, 
which  will  exclude  adjustment  errors,  to  be  40" ;  this  40"  will 
be  known  as  the  total  error  due  to  construction. 

NoTB. — A  telescope  is  tested  for  focal  error  by  standing  the 
sextant  on  a  table  with  the  telescope  shipped  and  pointing  to 
any  small,  well-defined  object.  While  twisting  the  telescope 
round,  or  revolving,  by  screwing  and  unscrewing  the  object 
glass,  the  object  should  remain  in  the  focal  centre ;  if  it  does 
not  do  so,  the  object  glass  is  faulty. 


CHAPTER  IV. 
ADJUSTMENT  AND  ERRORS. 

Thb  next  step  is  to  adjust  a  sextant,  and  in  the  following  order : 

48.  Order  of  A(yustment.—(1)  The  first  and  most  import- 
ant adjustment  is  to  make  the  index  glass  perpendicular  to  the 
plane  of  the  sextant 

Index  Glass  Error. — ^The  radius  bar  is  moved  to  a  reading 
of  about  40*  on  the  arc ;  hold  the  sextant  with  the  front  of  the 
index  glass  close  to  the  eye, 
and  the  arc  directly  away  from 
you  in  the  position  shown  in 

On  looking  into  the  index 
glass,  in  a  line  with  the  zero 
end  of  the  arc  will  be  seen  the 
reflected  image  of  the  other  Fio.  14. 

end  of  the  arc.     With  the  sex- 
tant in  this  position  the  right  edge  of  the  index  glass  frame,  it 
will  be  noticed,  is  bevelled  off;  and  looking  to  the  right  of  this 
bevelled  edge,  quite  clear  of  it,  the  zero  end  of  the  arc  will  be  seen. 

RoughneBs  of  Method  of  A^justiiig  Index  Glasses. — 
You  must  judge,  then,  whether  that  portion  of  the  arc  seen  in  the 
mirror  is  in  the  same  continuous  line  as  the  part  seen  clear  of  it. 
It  is  essentially  a  matter  of  opinion,  though  it  has  been  ascer- 
tained that  an  ordinary  human  eye  can  detect  this  error  to 
within  2'  of  the  upright. 

If  these  two  parts  are  not  in  line,  the  index  glass  must  be 
leaning  one  way  or  the  other.  There  is  a  screw  at  the  back  of 
the  frame  on  the  upper  half,  and  in,  of  course,  the  middle  vertical 
line  of  the  glass;  with  the  aid  of  this,  the  glass  is  pushed  or 
pulled  upright,  and  the  clips  must  follow  this  movement  or  they 
are  useless. 

49.  Residue  of  Error  after  Adjustment  of  Index  Glass. 
— If  this  adjustment  is  not  made,  or  is  made  incorrectly,  the 
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consequent  error  in  the  maximum  angle  (130'')  is  about  3^"  x 
(minute  of  error  in  the  inclination)^.     The  error  increases  with 
the  size  of  the  angle,  and  always  — .     It  is  as  well  to  note  that  on 
this  adjustment  all  the  others  depend;  but  it  does. not  require 
to  be  constantly  made. 

50.  Adjustment  of  Horizon  Glass  '  Side  Error.'  —  (2) 
The  horizon  glass  has  also  to  be  perpendicular  to  the  plane  of 
the  instrument.  When  it  is  out  of  adjustment,  the  sextant  is 
said  to  have  'side  error.' 

51.  To  adjust  it: — Place  the  radius  bar  with  the  index  of  the 
vernier  reading  about  30'  right  or  left  of  the  0°.  Screw  in  the 
long  telescope ;  and  find  a  firm  support  for  the  sextant  if  possible. 

Look  at  the  sun  through  the  telescope,  with  both  the  index 
and  the  horizon  shades  up,  as  found  suitable.  There  will  be 
two  suns  visible :  the  one  seen  directly  through  the  clear  part 
of  the  horizon  glass ;  the  other  the  reflected  image  of  it,  from 
the  silvered  part  of  the  same  glass ;  one  sun  will  be  seen  abreast 
of  or  over  the  other,  and  nearly  touching  or  overlapping  it;  if 
now  the  vernier  tangent  screw  is  worked,  one  sun  will  be  made 
to  move  aver  the  other ;  in  this  movement  the  upper  and  lower 
edges  of  the  suns  or  right  and  left  sides,  technically  known  as 
their  limbs,  will  coincide  as  they  pass  over  each  other.  If, 
however,  the  limbs  do  not  exactly  superpose,  the  horizon  glass 
is  not  upright ;  is,  in  fact,  leaning  forward  or  backward. 

52.  As  in  the  case  of  the  index  glass,  it  must  be  pushed  or 
pulled  upright,  by  means  of  either  a  screw  in  the  centre  line 
which  is  in  the  upper  half,  so  as  not  to  press  against  the  silvered 
portion  of  the  glass,  or  else  by  canting  the  whole  frame  forward 
or  back.  In  most  modem  sextants  the  screw  device,  working 
against  the  glass,  is  usually  adopted ;  this,  then,  must  be  screwed 
up  or  back  until  the  limbs  of  the  two  suns  are  seen  to  coincide. 

Ineffectiveness  of  Adjustment. — As  a  matter  of  fact,  in 
practice  it  is  found  that  the  operation  is  very  hard  to  do  with 
exact  precision ;  a  great  deal  of  unsuccessful  screwing  is  done, 
leaving  a  residual  error ;  and,  moreover,  when  made,  it  does  not 
remain  in  that  position ;  in  fact,  this  adjustment  seems  constantly 
necessary.  It  is  again  a  question  of  workmanship,  of  the  clips, 
of  the  frame,  and  of  the  coarseness  of  the  thread  of  the  adjusting 
screw.  The  adjustment  for  side  error  is  better  made  with  a  star, 
or  even  with  a  clear  well-defined  horizon  line ;  in  this  last  case 
the  sextant  must  be  held  horizontally. 

63.  The  adjusting  screw  at  the  back  of  the  horizon  glass  is 
one  of  the  two  which,  pressing  on  that  glass,  is  a  source  of  the 
'  squeezed '  glass. 

54.  Error  in  Index  Gla43s  contributes  towards  Side 
Error  in  Large  Angles. — When  the  vernier  reads  0^  the 
resulting  error  in  the  angle  due  to  an  error  in  the  adjustment 
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of  the  index  glass  is  0,  consequently  any  error  in  that  glass  will 
not  contribute  towards  the  error  in  reading  due  to  'side  error/ 
though  it  will  do  so  as  the  angle  increases. 

NoTB. — Some  makers  retain  the  system  by  which,  not  the 
glass  only,  but  the  whole  frame  is  adjusted  for  side  error ;  the 
screw  in  this  case  is  attached  to  the  frame,  and  may  be  under 
the  frame  of  the  sextant. 

&Q.  These  are  the  only  two  adjustments  required  to  the 
glasses. 

56.  CoUixnation  Error. — A  sextant  is  not  in  an  efficient  con- 
dition until  the  axis  of  the  telescope  is  parallel  to  the  plane  of 
the  sextant. 

57.  Telescope  pointing  to  the  Centre  Ldne  of  Horizon 
Glaas. — In  overhauling  a  sextant  it  is  as  well  to  see  that  the 
telescope  points  to  the  centre  of  the  horizon  glass,  and  that 
when  the  index  shades  are  raised  they  do  not  screen  the 
telescope. 

58.  When  the  instrument  is  put  together,  the  collar  which 
holds  the  telescope  is  placed  at  right  angles  to  the  arc  by 
mechanical  means ;  this  is  evidently  not  exact. 

50.  Adjusting  CoUimation  Error. — After  the  long  telescope 
is  shipped,  the  following  adjustment  is  necessary  to  make  the 
longitudinal  axis  of  the  telescope  parallel  to  the  plane  of  the 
instrument;  it  is  called  *' adjusting  the  line  of  collimation."  It 
cannot  be  properly  carried  out  without  a  'sextant  stand,'  or 
some  better  means  than  the  hand,  to  hold  the  instrument  steady. 

60.  Placing  the  Telescope  Wires  Horizontal. — (1)  Set 
the  index  at  0*,  point  the  telescope  to  any  star,  with  sextant  held 
horizontally.  If  now  the  tangent  screw  is  worked,  there  will 
appear  both  the  direct  and  the  reflected  image  of  the  same  star 
in  the  field  of  view.  With  the  tangent  screw  separate  these  two 
images  by  the  diameter  of  the  telescope,  so  that  each  star  is  just 
visible ;  turn  the  eye-piece  of  the  telescope  round,  so  that  one  of 
the  images  is  at  one  end  of  the  wire,  and  the  other  image  at  the 
other  end ;  when  this  is  done,  the  wires  of  the  telescope  will  be 
parallel  to  the  plane  of  the  sextant. 

(2)  Select  any  two  stars,  and  about  100''  apart  (the  length 
of  an  average  span  of  the  hand  with  fingers  extended  from  the 
tip  of  the  thumb  to  the  tip  of  the  little  finger,  when  the  hand  is 
held  at  arm's  length,  subtends  at  the  eye  an  angle  of  about  20"*). 
Make  the  contact  between  the  stars,  and  place  them  both  in  the 
upper  of  the  two  wires  in  the  telescope,  as  in  fig.  15. 

Suppose  the  reading  of  the  angle  to  be  100"*  48'.  If  the  sextant 
now  be  ever  so  slightly  canted,  the  images  on  being  shifted  to  the 
lower  wire  will  be  found  to  have  separated.  Let  the  figure  15 
represent  their  positions ;  again  make  contact  on  this  wire ; 
read  off  the  angle,  and  suppose  it  to  be  lOO""  44'.     Now  place  the 
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mean  reading  on  the  sextant ;  this  will  be  100**  46'.  By  doing  this, 
half  the  error  is  removed  by  the  tangent  screw,  the  appearance 
on  the  wires  being  as  shown  in  fig.  16 ;  and  the  telescope  is  in 
error,  inclining  upwards  or  downwards. 


Fig.  15.  Fio.  16. 

61.  Screws   for  Adjusting  CoUimation. — On   the  inner 

surface  of  the  collar  is  the  screw  holding  the  telescope ;  and  this 
screw  is  also  a  sheath.  The  part  of  the  collar  holding  the  sheath 
is  attached  by  two  screws  to  a  similar  ring  to  the  collar,  and 
roughly  parallel  with  it;  and  by  the  aid  of  the  two  screws 
holding  these  double  parts  of  the  collar  together,  the  sheath  can 
be  perfectly  adjusted  to  the  plane  of  the  sextant.  Look  at  a 
sextant.  Such  an  arrangement  allows,  of  course,  for  only  a  very 
small  adjustment;  for  two  parallel  plates  held  by  screws  can 
be  moved  from  their  parallel  position  only  by  a  thread  or  two ; 
and  the  greatest  care  is  necessary  that  as  one  screw  is  tightened 
the  other  is  slackened  up  exactly  the  same  amount,  or  the  sheath 
will  not  retain  its  shape,  nor  will  the  telescope  screw  into  it. 

62.  It  must  be  obvious,  from  what  has  already  been  explained, 
that,  even  supposing  the  sextant  to  be  held  in  a  vice  or  in  a 
special  stand,  the  operation  is  a  very  delicate  one. 

63.  AdjuBtingr  Screws  Obstructed  by  Flange  of  the 
Telescope. — To  add  to  the  trouble,  sextants  are  invariably  made 
so  that  the  flange  of  the  telescope,  at  its  top,  overlaps  the  two 
little  adjusting  screws  on  the  collar ;  consequently,  to  make  the 
adjustment  the  telescope  has  to  be  unshipped  before  any  trial 
can  be  made,  then  screwed  on  again,  then  unscrewed,  and  so  on 
until  the  observer  is  satisfied. 

64.  CoUimation  Error  always  Existent. — This  construc- 
tional defect  accentuates  the  fact  that  such  a  method  of  adjusting 
CoUimation  error  was  not  adopted  by  the  maker ;  he  was  satisfied 
by  a  mechanical  placement.  That  oollimation  error  exists  in 
all  sextants  there  is  hardly  any  doubt ;  and  in  the  ordinary  fair 
wear  and  tear  in  the  life  of  a  seaman's  sextant  the  error  is  very 
liable  either  to  be  introduced  or  augmented. 

Q5.  Additional  Causes  of  CoUimation  Error. — It  has 
been  remarked  that  occasions  arise,  especially  at  night  when 
taking  stars,  loss  of  light  necessitates  the  raising  of  the  collar. 
When  the  sextant  is  replaced  in  the  box  and  the  lid  does  not  close. 
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force  ia  used,  and  the  collar  is  bent ;  or,  in  the  early  years  of  a 
seaman's  career,  the  sextant  is  sometimes  carried  by  the  telescope ; 
this  is  a  severe  test  for  the  material  of  construction,  and  collima- 
tion  error  results  therefore  to  a  greater  or  less  degree.  The 
operation  of  finding  it  and  of  adjusting  it  from  time  to  time  is 
in  most  cases  almost  impracticable. 

QQ.  Adjustment  of  Gollimation  Error  Depending  upon 
Correct  Adjustment  of  Index  and  Horizon  Glasses. — It 
should  be  noted  here  that  by  the  above  method  of  adjusting 
coUimation  error  it  is  necessary  that  both  the  index  and  horizon 
glasses  be  themselves  in  perfect  adjustment ;  and  since  there  will 
be  a  residual  error  in  those,  under  any  conditions,  there  must  be 
a  residual  error  in  coUimation. 

67.  Adjusting  Ck>lIimation  Error  in  a  Boom. — Chauvenet 
gives  a  very  simple  method  of  roughly  testing  for  coUimation 
error,  with  rough  appliances;  with  the  advantage  that  it  is 
independent  of  either  the  index  or  horizon  glass.  If  two  screws 
of  the  same  length  are  stood  on  their  heads,  one  at  each  end  of 
the  arc,  the  line  joining  their  points  will  be  parallel  to  the  arc ; 
and,  looking  along  this  line,  a  mark  can  be  put  on  a  piece  of 
paper  at  the  other  end  of  the  room  to  which  the  line  directs. 
After  screwing  in  the  telescope,  the  collar  is  raised  or  lowered,  so 
that  the  centre  of  the  telescope  shall  be  at  the  same  height  above 
the  arc  as  the  points  of  the  screws  are.  Looking  through  the 
telescope,  the  optical  centre  should  point  exactly  to  the  same  spot 
marked  in  the  paper  as  that  indicated  by  the  screw  points.  This 
can  be  done  on  a  table  in  a  room,  with  the  distance  of  about 
15  feet^  and  an  adjustment  made  probably  to  within  10'.  A 
smaU  error  in  the  height  of  the  telescope  is  not  very  material. 

68.  For  an  Error  of  CoUimation  there  is  a  Correspond- 
ing EiTFor  in  the  Observed-Angle. — The  investigation  for  error 
in  an  angle  due  to  an  error  in  the  line  of  coUimation  is  beyond 
the  scope  of  this  manual. 

The  error  at  130'  =  '0006^,  where  6  is  the  error  of  coUimation 
in  minutes ;  e.g,y  for  an  error  oi  0  =  ^  —  30'^*  =  900'  error  in  angle 
_  6  x900'  ^  «^ 

"  10,000 

The  error  varies  as  the  size  of  the  angle,  and  is  0  at  0"*,  and 
increases  uniformly ;  its  sign  is  always  minus. 

Total  Errors  in  Adjustment. — It  should  be  noted  here 
that,  as  previously  shown,  the  index  glass  error  varies  directly  as 
the  sisse  of  the  angle,  and  for  an  error  in  the  glass  of  3'  out  of  the 
perpendicular,  the  error  in  an  angle  of  130°  is  about  30",  i.e. 
(3^  X  3^") ;  and  the  coUimation  error  is  of  the  same  size  and 
amounts  to  about  30". 

Beeidual  Errors  after  Adjustments  - 120". — The  residual 
error  in  an  instrument  which  has  been  adjusted  is  a  complicated 
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function  of  the  two,  and  in  the  worst  possible  case  may  amount 
to  "  120",  and  will  be  known  as  the  error  in  adjustment. 

The  above  are  the  only  three  adjustments  necessary  to  a 
sextant. 

Note. — The  cross  wires  in  a  telescope  are  to  guide  the  observer 
to  the  line  of  collimation.  If  an  observation  is  made,  with  the 
sun  or  suns  at  either  extreme  of  the  visible  wires,  this  practically 
introduces  a  separate  error  of  collimation;  and  supposing  the 
horizon  glass  to  have  a  small  residual  error  acting  in  the  same 
direction  as  the  collimation  error  introduced,  the  error  of  observa- 
tion may  be  very  large.  For  this  reason  it  is  not  desirable  to 
use  the  short,  non-wired  telescope  for  such  observations. 
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69.  A  sextant,  then,  examiaed  at,  Kew  shows  an  error  of, 
suppose,  +40"  at  120*;  this  is  a  total  error;  if  the  residual 
error  of  adjustment  equals  -  120",  then  the  centring  error  of  the 
instrument  =  '  +  2'  40.' 

70.  The  definition  given  by  the  glasses  is  judged  within  '  fairly 
de6nite  limits,'  but  no  test  can  be  given  for  rigidity  or 
durability ;  the  author's  experience  in  consequence  of  this  is, 
that  many  B  class  sextants  have  been  found  more  efficient  for 
sight  taking  after  a  few  years'  wear  and  tear  than  those 
classed  A. 

71.  Testing  a  Sextant. — The  only  way  to  value  a  sextant 
is  by  the  results  obtained  with  it ;  and  although  it  may  have  a 
centring  error  of  some  magnitude,  there  are  sometimes  other 
compensating  advantages;  and  in  all  observations  calling  for 
exact  results,  means  are  always  adopted  to  cancel  the  total  error ; 
the  more  efficient,  therefore,  the  parts  giving  the  required 
definitions  necessary  to  correctly  observe  and  to  clearly  read  off, 
the  better  will  the  results  be. 

72.  Instrumental  Errors  Absorbed  in  '  SeaHsdghts.' — 
In  ordinary  sea  observations  it  would  be  redundant  to  apply  the 
total  error  due  to  errors  of  construction  and  of  adjustment,  if 
their  maximum  was  only  2'  at  ISO"" ;  for  they  are  absorbed  in  other 
errors  of  far  greater  magnitude  incidental  to  practical  navigation. 

A  class  B  certificated  sextant  is  here  good  enough. 

For  purposes  of  taking  angles  with  the  intention  of  projecting 
them,  or  for  'fixing'  by,  a  reading  correct  to  within  2'  along 
any  portion  of  the  arc  will  suffice. 

73.  Index  Error. — When  the  reflected  image  of  any  object 
is  superposed  on  its  direct  image,  and  when  it  is  then  beyond  the 
range  of  '  parallax,'  the  position  of  the  index  of  the  vernier  on 
the  arc  is  known  as  the  '  Zero ' ;  it  is  the  point  on  the  arc  from 
which  all  angles  are  measured. 

23 
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In  other  words,  when  the  index  glass  and  horizon  glass  are 
exactly  parallel  to  each  other  the  index  of  the  vernier  shows  a 
specific  reading  on  the  arc. 

But  change  of  temperattvre,  putting  the  sextant  in  its  box,  or 
taking  it  out,  or  putting  it  down  not  over  gently,  very  slightly 
moves  the  glasses,  however  well  they  may  be  secured  in  their 
frames;  and  after  such  a  change  in  their  positions  when  the 
images  are  superposed,  the  index  will  not  register  the  same 
reading  as  before,  but  some  small  amount  on  one  side  or  the 
other  of  the  0*  0'. 

In  fact  the  zero  position  on  the  instrument  will  have  shifted  ; 
and  when  the  sextant  is  in  constant  use  it  is  always  shifting; 
the  reading  of  the  zero  at  the  actual  time  of  observation  is  known 
as  the  index  error  (I.E.  for  short). 

74.  Do  not  Adjust  Index  Error  unleee  Necessary. — It 
is  a  very  bad  practice  to  reverse  the  order  of  things — that  is, 
place  the  index  at  0*  0'  and  adjust  the  horizon  glass  parallel  to 
the  index  glaas. 

75.  This  constant  tinkering  with  the  screws  produces 
'squeezed  glass'  (see  par.  35),  cripples  the  clips  that  hold  the 
glass,  and  is  altogether  mischievous. 

Some  makers  provide  no  screws  for  this  practice. 

76.  Necessary  to  know  the  Zero  of  Readings. — It  is 
obvious  that  the  measurement  of  an  angle  cannot  be  of  any 
value  unless  the  reading  of  the  zero  is  known ;  in  other  words, 
what  is  the  I.E.  1  Just  as,  in  fact,  no  distance  can  be  measured 
without  some  zero,  or  starting-point,  no  matter  what  figure  is  given 
to  it.  If,  then,  the  reflected  image  of  some  well-defined  object 
beyond  the  range  of  parallax,  say  one  mile,  be  superposed  on  the 
direct  image ;  or  in  the  case  of  the  sea  horizon  if  the  reflected  and 
direct  horizon  are  made  to  form  one  line,  the  index  and  horizon 
glasses  will  be  parallel,  and  the  reading  of  the  index  will  be  the 
index  error  at  that  moment. 

77.  Sign  -h  or  -  of  the  *  Index  Error.' — If  the  reading 
is  on  the  left  of  the  0"  of  the  arc,  the  position  of  the  0"*  is  too  far 
to  the  right ;  and  since  most  angles  are  measured  to  the  left  of 
the  arc,  the  readings  on  that  side  will  be  too  large  by  the  amount 
of  the  I.E.;  the  I.E.  is  therefore  — ;  conversely,  if  the  reading  is  on 
the  right  of  the  0*,  the  I.E.  will  be  +  to  angles  observed  on 
the  left. 

78.  Reading  'Off'  and  <On'  the  Arc.— The  left  and 
right  of  the  0**  on  the  arc  are  spoken  of  as  'on'  and  'off' 
the  arc. 

79.  Method  of  Finding  I.E. — The  above  operation  can  be 
better  carried  out  by  using  the  sun,  or  a  star,  with  the  sextant 
in  any  position.  In  any  case,  '  side  error '  must  first  be  removed. 
When,  however,  the  suns  are  superposed  their  separate  limbs  are 
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not  easily  distinguishable,  and  a  still  better  method  is  employed, 
viz.,  measuring  the  sun's  diameter  *on '  and  'off'  the  arv. 

When  superposed  the  angle  is  0*,  not  necessarily  the  O""  on 
the  arc. 

If  the  right  limb  of  the  reflected  sun  is  made  to  touch  the  left 
limb  of  the  direct  sun  (see  fig.  17),  evidently  it  is  the  measure  of 
one  diameter.  Suppose  this  to  read  36'  20"  *  off  *  the  arc  (the 
sextant  must  be  held  horizontally).  Now  move  the  reflected  sun 
across  the  direct  sun,  and  by  means  of  the  tangent  screw,  make 
the  left  limb  of  the  reflected  touch  the  right  of  the  direct  sun ; 
the  reading  now  will  be  on  the  other  side  of  the  0*  mark  on  the 
are,  and  will  be  a  second  measurement  of  the  sun's  diameter ; 
suppose  this  to  be  27'  30",  '  on '  the  arc. 


Fio.  17. 


-4i 


uJ^ 


Fig.  18. 


Since  one  measurement  is  36'  20'  and  the  other  27'  30"  the 
mean  reading  must  be  the  correct  result  of  the  observation ;  this 
will  be  half  the  sum,  or  31'  55";  the  diflerence  between  this  and 
the  greater  reading,  or  subtracting  the  smaller  reading  from  it, 
will  give  the  amount  of  the  index  error  =  +  4'  25". 

The  double  arrow  in  flg.  18  is  half  way  between  the  single 
arrows,  each  being  the  positions  of  the  index  for  the  measure- 
ments as  above,  and  it  must  obviously  be  to  the  right  of  the  0* 
on  the  arc ;  showing  that  the  0"*  of  the  arc  is  4'  25"  to  the  left  of 
where  it  should  be,  and  that  all  angles  measured  '  on '  the  arc 
are  4'  25"  too  little.     I.E.  is  then  + . 

In  a  simpler  way,  half  the  excess  of  one  reading  over  the  other 

is  index  error ;  ^ =  4'  25";  and  if  the  greater  reading 

is  'off'  the  arc,  the  sign  is  +.     Conversely  if  *on'  the  arc  the 
I.E.  is  — . 

80.  Check  to  I.E.  Measurement. — There  is  an  additional 
advantage  in  this  method ;  for  since  two  measurements  have  been 
made  of  the  sun's  diameter,  the  mean  of  two  observations,  that  is, 
half  the  sum,  is  one  diameter  ;  and  quarter  of  the  sum  would  be 
the  sun's  semi-diameter.  In  the  Nautical  Almomac  the  sun's 
semi-diameter  is  given  for  every  day  of  the  year;  and  if  the 
observation  is  well  made,  the  semi-diameter  found  should  agree 
nearly  with  that  given  in  the  Almanac,  providing  the  sextant  is 
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fitted  with  a  *  spring'  tangent  screw  (see  par.  23)  and  the 
horizon  glass  is  not  *  squeezed.' 

81.  Residual  Errors  of  Ac^ustment  of  IE.  ±  10".— The 
residual  error  will  be  made  up  of  squeezed  glasses,  side  error, 
shade  error,  personal  error,  and  the  tangent  screw,  if  without 

*  spring,'  and  should  not  be  more  than  10''. 

82.  Readings  *Off'  the  Arc. — In  reading  *off'  the  arc, 
consider  the  10  on  the  vernier  as  0,  9  as  1,  and  so  on,  and  read 
the  vernier  from  left  to  right,  instead  of  right  to  left. 

83.  Index  error  is  constant  for  whatever  angle  is  measured 
with  a  sextant,  and  forms  part  of  the  observation  ;  without  it,  in 
an  'absolute'  observation,  %,e,  the  results  of  which  depend 
absolutely  on  them,  the  sights  are  useless. 

I.E.  Always  Found. — On  every  occasion  of  using  the  sextant 
the  I.E.  must  be  found,  either  by  measuring  the  sun's  diameter, 
or  by  a  distant  object,  or  the  sea  horizon ;  for  sea  observations  a 
distant  object  or  sea  horizon  is  good  enough. 

84.  It  is,  in  theory,  of  no  consequence  what  the  size  of  the 
I.E.  may  be ;  but  there  are  occasions  in  practice  when  it  may  be 
desirable  to  entirely  neglect  it,  in  which  case  it  should  be  reduced 
to  an  inappreciable  quantity,  say  V  or  under. 

85.  Occasions  of  Reducing  I.E. — Such  an  error  would  be 
disregarded  when  angles  are  taken  for  *  fixing'  purposes,  and 
usually  a  specially  adopted  type  of  instrument  is  used  for  such 
purpose ;  this,  therefore,  is  the  only  occasion  when  it  is  advan- 
tageous to  adjust  the  horizon  glass  and  to  remove  or  reduce  the 
amount  of  the  I.E. ;  and  since  there  are  no  shades  in  the  special 
sextant  alluded  to,  the  adjustment  must  be  made  either  by  the 
sea  horizon  or  some  distant  well-defined  object. 

86.  Sounding  Sextant. — The  instrument  is  known  as  the 

*  sounding '  sextant ;  for  the  purpose  intended  it  is  more  service- 
able and  handier  in  a  boat  than  the  ordinary  sextant;  usually 
does  not  rise  to  the  dignity  of  a  Kew  error  ;  has  large  mirrors ; 
the  telescope  has  a  large  object  glass,  and  if  it  reads  off  to  the 
nearest  minute  is  accurate  enough ;  it  is  smaller  and  lighter  than 
the  observing  sextant,  and  costs  much  less. 
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87.  Total  Errors  of  Oonstruction. — In  the  error  of  con- 
struction there  will  be  awumed  an  error  of  probably  ±  30",  made 
up  of  centring  error,  consequent  vernier  error,  error  in  the 
glasses,  shade  error,  and  coarseness  of  the  divisions. 

88.  Besidual  Errors  in  Adjustments  and  Total  Error 
±  I'  20". — In  the  residual  error  in  the  adjustments,  probably 
±50";  inextricably  compounded  error  in  index  glass;  coUima- 
tion  error,  and  that  of  side  error  included  in  the  index  error. 
This  gives  a  total  of  1'  20". 

80.  Incidentcd  Errors  ±30". — There  are,  besides,  errors 
incidental  to  any  observations  apart  from  personal  errors.  With 
artificial  horizon  sights  there  is  the  error  through  lack  of 
magnifying  power,  and  then  there  is  the  error  due  to  the  contact 
not  being  observed  in  the  centre  of  the  telescope  (this  is  practi- 
cally collimation  error)  or  near  the  centre  of  the  mercury  in  the 
artificial  horizon ;  this  last  distorts  the  image ;  and  there  is, 
lastly,  the  error  due  to  the  glass  in  the  roof  of  the  artificial 
horizon  ;  they  may  accumulate  to  approximately  ±  30". 

NoTB. — There  is  yet  another  error  due  to  the  force  of  attrac- 
tion between  large  and  small  masses,  owing  to  which  the  surface 
of  the  mercury  may  be  attracted  and  incline  towards  such  large 
masses. 

00.  Toted  Instrumental  Errors  in  any  Observation 
±  1'  60". — The  total  errors  in  any  angle  may,  then,  if  they  are 
all  of  the  same  sign,  amoimt  to  ±  T  50"  ;  allowing  some,  to  be 
of  opposite  signs  reduces  the  error  to  about  ±  1'  30" ;  whether 
+  or  -  is  not  known,  and  hereafter  will  be  alluded  to  as 
Instrumental  Error. 
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CHAPTER  VII. 

ARTIFICIAL  HORIZON  AND  PERSONAL 

ERRORS. 

91.  Artifloial  Horizon. — A  quantity  of  mercury  confined  in 
any  vessel  will  present  a  reflecting  surface,  which  is  perfectly 
horizontal  if  sufficiently  remote  from  the  action  of  attraction  of 
large  masses. 

The  receptacles  for  the  mercury  are  made  in  all  kinds  of  shapes 
and  sizes,  but  taking  the  simplest  form  it  is  a  rectangular  iron 
vessel  about  |  in.  deep.  Into  this  sufficient  mercury  is  poured 
from  an  iron  ^ttle  to  well  cover  the  bottom. 

92.  Dross  on  Mercury. — The  first  thing  noticed  will  be  that 
a  dross  appears  on  the  surface  of  the  mercury.  Even  the  best 
mercury  will  tarnish,  and  motion  increases  its  oxidisation ;  by 
wetting  with  saliva  a  small  piece  of  paper  and  dragging  it  over 
the  mercury  the  dross  will  stick  to  the  paper. 

93.  Cleaning  Mercury. — Mercury  is  easily  cleaned  by 
squeezing  it  through  a  piece  of  chamois  leather. 

94.  Capillary  Attraction  to  Sides;  Limit  of  Angle 
Observed  owing  to  Height  of  Sides  of  Trough. — It  will 
also  be  observed  that,  through  capillary  attraction,  the  mercury 
on  the  edges  of  the  trough  will  appear  arched  or  rounded,  and 
that  unless  a  great  deal  of  mercury  is  used  the  sides  of  the 
trough  interfere  with  any  image  being  reflected  at  an  angle 
below  about  30°. 

95.  Shallow  and  Amalgamated  Trough. — To  get  over 
the  last  two  difficulties— that  is,  the  rounded  edge  and  the  high 
limit  to  the  angles  capable  of  being  observed — a  simple  contri- 
vance can  be  adopted,  which  can  be  made  by  any  tinsmith;  it 
consists  of  an  oval,  saucer-shaped  receptacle  of  copper,  of  the 
same  width  and  length  as  the  iron  trough,  with  the  side  ^  in. 
high,  and  bottom  flat.  It  is  not  advisable  to  make  it  rectangular 
or  with  corners,  as  the  mercury  eats  holes  in  the  comers ;  this 
tray  will  rest  on  the  top  of  the  iron  trough,  the  weight  of  which 
is  an  advantage. 
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06.  To  Amalgamate  a  Trough  for  Meromy. — Before  the 
tray  can  be  used  it  must  be  '  amalgamated.'  Take  a  solution  of 
sulphuric  acid,  one  part  of  acid  to  ten  of  water,  and,  wetting 
the  tray  with  this  solution,  rub  it  well  in  ;  this  will  create  a 
surface  on  the  copper  over  which  mercury  will  run  freely.  With 
a  few  drops  of  mercury  rubbed  on  the  surface  the  tray  will  be 
'  silvered ' ;  then  wipe  in  order  to  remove  any  mercury  that  may  be 
left ;  leave  a  few  hours,  and  it  is  ready  for  use.  At  first  it  should 
be  rubbed  with  the  residue  of  mercury  after  each  time  of  using. 
When  resting  on  the  iron  trough,  pour  sufficient  mercury  in  the 
tray  to  cover  the  surface ;  this  will  be  about  ^th  in.  deep,  and 
there  will  be  no  rounded  edges  at  the  sides ;  in  fact,  the  sides  of 
the  surface  will  be  very  slightly  turned  up. 

07.  Advantages  of  Shallow  Amalgamated  Trough. — 
There  are  several  advantages  in  this  form  of  artificial  horizon. 
There  is  less  mercury  used,  therefore  less  spilt;  the  observing 
surface  is  greater  than  it  was  in  the  iron  trough ;  an  altitude  as 
low  as  about  12°  can  be  observed  in  it;  and  it  does  not  present 
the  same  effect  of  tremors  as  the  deeper  body  of  mercury,  and 
moreover,  the  edges  have  a  peculiar  brilliancy,  which  when  seen 
from  the  observePs  eye  through  •  the  telescope  of  the  sextant  act 
as  a  sort  of  frame  to  the  sun  seen  in  the  mercury,  and  therefore 
assist  the  observer  in  keeping  the  sun  in  the  middle  of  the 
surface. 

All  the  patent  devices  in  the  market  are  intended  to  supply 
the  advantages  acquired  by  the  shallow  copper  tray,  and  also 
reduce  weight  and  improve  the  portability. 

08.  Roof  of  Ar^cial  Horisson. — A  roof  large  enough  to 
rest  on  the  ground  is  placed  over  the  iron  trough  and  the  over- 
lying copper  tray  (fig.  19).  The  glass  is  very  carefully  ground 
so  that  the  surfaces  shall  be  parallel. 

Afode  of  Using, — Place  the  iron  \ 
tray   on  the  ground  and  turn  it 
so  that  its  shadow  is  in  line  with 
its  length. 

00.  Pouring  out  the  Mer- 
cury.— Then  put  the  tray  on  the 
trough  ;  unscrew  the  top  arrange- 
ment of  the  iron  bottle  containing 
mercury;     unscrew     the     inner  Fio.  19. 

stopper  and  put  it  aside. 

The  top  arrangement  is  a  funnel.  Place  the  finger  over  the 
orifice  of  the  funnel;  hold  the  bottle  upside  down,  give  it  a 
shake ;  hold  the  bottle  over  the  trough,  and  let  the  mercury  flow 
into  it. 

To  replace  the  mercury  in  the  bottle,  unscrew  the  funnel, 
reverse  it,  and  screw  the  orifice  on  to  the  neck  of  the  bottle  ;  then 
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very  carefully  lift  the  trough,  and  pour.  If  held  over  the  iron 
trough  the  spillings  will  be  caught  in  it,  and  not  be  all  lost. 
When  there  is  sufficient  mercury  in  the  tray,  about  i^r^^  ^°*> 
put  the  roof  over ;  then  finally,  by  the  aid  of  the  shadow  it  casts, 
turn  trough  and  roof  directly  tx)wards  the  sun. 

100.  Direction  of  Artificial  Horizon. — It  is  essential  to 
remember  that  the  artificial  horizon  must  be  lengthways  in  the 
line  of  the  sun,  and  to  keep  it  so,  must  be  constantly  attended  to. 
If  this  is  not  done,  the  ray  from  the  sun  strikes  the  glass  of  the 
roof  at  an  oblique  angle  and  exaggerates  the  distortion  due  to 
the  faces  of  the  glasses  not  being  parallel. 

101.  Roof  Level. — Also  that  it  shall  be  as  level  as  possible ; 
if  not,  the  effect  is  the  same ;  for  this  end  some  artificial  horizons 
are  fitted  with  levelling  screws,  and  the  roof  rests  on  the  floor  of 
the  horizon. 

102.  Position  of  Artificial  Horizon. — The  spot  selected 
should  be  free  from  tremors;  e,g,,  not  too  near  a  beach  where 
there  is  a  breaking  sea.  A  passing  train  half  a  mile  away  will 
shake  the  mercury ;  the  generating  engine  at  Greenwich  half  a 
mile  from  the  Observatory  appreciably  affects  the  surface  of  the 
mercury. 

To  be  sheltered  from  the  wind  is  equally  advisable,  both  for 
the  observer's  sake  and  to  avoid  the  resulting  tremors;  use  a 
screen  if  necessary.  Mosquitoes  sometimes  compel  an  observer 
to  'move  on'  from  a  spot  otherwise  well  suited  for  observing. 
A  stool  and  an  assistant  with  a  watch  are  the  only  accessories. 

103.  Observing  in  Artificial  Horizon. — How  to  Observe, — 
Assume  a  sitting  posture  on  the  stool,  and,  with  it,  move  until 
the  sun  reflected  in  the  mercury  is  visible. 

Screw  in  the  long  telescope,  using  the  higher  magnifying 
power  tube,  focus  the  eye-piece  on  the  sun  through  the  shades  of 
the  sextant,  or  through  the  auxiliary  coloured  shades. 

Hold  the  sextant  in  such  a  way  that  each  elbow  rests  on  each 
knee;  then  looking  along  and  over  the  top  of  the  telescope 
through  the  horizon  glass  shade  and  through  the  clear  part  of 
the  glass,  will  be  seen  the  sun  reflected  by  the  mercury.  At  first 
this  had  better  be  done  without  the  telescope. 

Still  holding  it  in  this  position,  move  the  radius  bar  until  the 
image  of  the  sun  reflected  by  the  index  glass  comes  into  the  field 
of  view,  and  near  the  other  sun ;  when  near  contact,  clamp  the 
arc;  with  only  a  slight  simultaneous  movement  of  the  sextant 
and  of  the  head,  bring  the  eye  to  the  telescope,  and  "  voila  "  the 
two  suns,  either  overlapping  or  separated. 

104.  Position  of  Observer  and  of  Artificial  Horizon  in 
Relation  to  Sun. — Now  the  sun  itself  is  moving  in  altitude 
and  in  azimuth;  it  is  the  latter  movement  that  necessitates 
constant  attention  to  the  slue  of  the  artificial  horizon  trough; 
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the  movement  in  altitude  necessitates  a  change  in  the  distance 
from  or  towards  the  trough  according  as  the  sights  are  taken 
either  p.m.  or  a.h. 

In  A.M.  sights,  for  example,  since  the  altitude  is  increasing,  the 
observer  will  have  to  be  constantly  approaching  the  artificial 
horizon,  so  as  to  see  the  image  reflected  by  the  mercury ;  and  in 
a  northern  latitude  greater  than  the  sun's  maximum  declination 
the  sun  will  always  change  its  azimuth  from  eastward  through 
S.E.  and  S.,  then  S.W.  and  westward,  and  the  mercury  trough 
will  have  to  follow  it  round  in  that  direction;  the  direction  of 
this  change  in  azimuth  will  vary  as  the  latitude  and  declina- 
tion. 

105.  Movement  of  Suns  €U9  seen  in  the  Artificial 
Horizon. — Let  H  0,  fig.  20,  represent  the  sea  horizon  and  M  M' 
the  meridian  of  the  observer,  M 

M  the  position  of  the  sun  in 
the  meridian  and  at  its  maxi- 
mum altitude. 

At  the  instant  of  an  a.m. 
sight  the  reflected  image  is 
*  brought  down '  to  position  A  (a) 

80  that  its  lower  limb  touches  u  (\~ 

the  horizon.    The  time  is  taken  \^ 

and  the  altitude  read  off*.    Now  /W^* 

if  the  sextant  is  untouched,  the     ||i  v^ ) 

sun  will  be  seen  rising  or  mov-  (^^' 

ing  away  from  the  horizon  to  ^^ 

B  and  C  and  so  on  to  M  (see 
fig.  20). 

The  lower  limb  is  said  then 
to  be  separating  from  the  hori-  Fio.  20. 

zon;    it    is    *  brought    down' 

again,  and  at  a  certain  instant  of  time,  after  the  first  observa- 
tion, will  have  a  larger  altitude. 

Now,  in  practice,  the  observation  is  made,  not  by  *  making ' 
or  *  screwing  up'  to  the  contact  (see  Tangent  Screw  Errors, 
par.  23),  but  by  overlapping  the  sun  over  the  horizon  and 
waiting,  as  it  rises,  till  the  contact  appears ;  this  is  slightly  more 
accurate  than  screwing  up  to  it,  because  there  is  a  certain  amount 
of  *back  lash'  in  the  tangent  screw,  the  effect  of  which  is  to 
displace  the  reading  after  the  screw  is  let  go.  This  is  called 
'  advancing '  the  reading. 

Movement  A.M. — So  then,  when  the  sun  is  at  position  A'  on 
horizon,  H'O'  is  the  time  to  give  the  direction  *  stand  by,'  and 
when  it  is  like  A  on  horizon  HO,  the  observer  says  'stop,'  and 
the  time  is  taken. 

If,  on  the  other  hand,  the  upper  limb  is  observed,  since  the 
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sun's  motion  is  upwards  in  the  forenoon,  then  U'  is  the  position 
of  *  stand  by/  and  U  the  position  of  'stop.' 

Notice  that  the  upper  limb  movement  relative  to  the  horizon 
is  the  opposite  to  that  of  the  lower  limb ;  whereas  the  lower  limb 
is  separating  from,  the  upper  limb  is  closing  towards,  the  horizon. 

Movement  P.M. — In  the  afternoon  the  movement  will  of 
course  be  reversed,  the  sun  taking  the  direction  of  the  arrow 
(fig.  21)  ;  the  lower  limb  will  be  closing  towards,  and  the  upper 
limb  separating  from,  the  horizon  time. 

Now  substitute  the  artificial  horizon  for  the  sea  horizon.  The 
shaded  sun,  fig.  21,  is  the  sun  seen  in  the  mercury,  and  is  the 
artificial  horizon. 
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Fig.  21. 


As  before,  the  lower  limb  of  the  sun  reflected  down  will  over- 
lap the  artificial  horizon,  shown  by  A'  in  fig.  21 ;  the  two  will 
appear  to  separate,  until  A'  gets  into  position  A ;  at  this  instant 
the  observation  is  made :  then,  separating  suns  in  the  forenoon, 
must  be  the  lower  limb  observed. 

Upper  limbs,  on  the  other  hand,  will  first  appear  as  U',  then  U, 
and  evidently  the  suns  will  appear  to  be  closing;  the  relative 
motions  of  A'  and  U'  in  the  afternoon  are,  of  course,  reversed. 

106.  Personal  Error. — An  error  of  observation  will  arise 
through  the  indefiniteness  of  the  sun's  limb,  and  whatever  the 
magnifying  power  of  the  telescope  is,  an  error  of  this  description 
will  always  remain  ;  though  of  course  the  larger  the  magnifying 
power  the  less  it  will  be. 

But  personal  error  is  something  separate  from  this. 

One   part  of  it   may  be   termed   defective  judgment,   either 
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permanently  inherent^  or  defectiye  through  want  of  experience 
and  practice ;  the  other  is  a  physical  defect. 

Imagine  two  balls  of  very  flufiy  wool  placed  in  juxtaposition ; 
standing  away  from  them  a  few  feet,  it  may  not  be  easy  to  say 
whether  they  are  touching  or  not.  It  is  the  same  with  the  two 
suns  seen  through  the  telescope  of  a  sextant ;  they  appear  to  touch, 
and  seem  as  if  capillarily  attracted;  this  phenomenon,  called 
'  defraction,'  is  an  unsolyed  difficulty  in  all  observations  (see  fig. 
22).  Or,  move  the  tips  of  the  forefingers  of  each  hand  towards 
each  other,  and  look  at  the  space  between  them  against  a  white 
background ;  it  will  be  noticed  that  the  sensation  of  touch  occurs 
after  the  visible  contact ;  with  a  shaky  hand  this  is  more  involved. 

If  this  error  is  made  consistently,  the  resulting  error  is  cancelled 
when  observations  are  made  on  both  sides  of  the  meridian. 


Fio.  22.  Fig.  28, 

The  second  part  of  personal  error  has  more  to  do  with  tempera- 
ment ;  this  may  be  permanent  or  merely  transient ;  it  is,  in  fact, 
either  impatience,  or  "  to-morrow-will-do  " :  a  personal  equation. 

In  A.M.  sights,  supposing  the  lower  limb  to  be  observed,  the 
suns  are  separating.  If  an  observer  is  over-anxious  or  hurried  he 
will  say  *  stop '  when  the  suns  are  as  in  A  (fig.  23).  This  will 
evidently  be  too  soon,  and  the  time  from  the  meridian  too 
great. 

If  sights  are  taken  of  the  same  limb,  in  the  afternoon,  with  the 
same  error,  the  suns  will  appear  as  at  B  (see  fig.  23) ;  here  time  and 
hour-angle  are  the  same  thing,  and  it  is  too  early ;  therefore  the 
time  is  too  near  the  meridian,  and  the  hour-angle  is  too  small. 

If  the  error  is  too  far  from  the  meridian  in  the  first  case,  and 
too  near  the  meridian  in  the  other,  the  mean  results  shift  the 
position  of  meridian ;  in  other  words,  the  results  are  in  error. 

The  results  of  taking  the  same  limb  both  a.m.  and  p.m.  too  late 
produce  the  same  resulting  error ;  and  whichever  limb  be  used, 
will  give  the  same  erroneous  results.  Moreover,  if  one  limb  is 
taken,  followed  by  a  set  of  the  other,  this  form  of  personal  error 
will  not  be  eliminated. 

I  and  2  of  fig.  24  is  of  the  form  first  spoken  of,  more  or  less 
an  accidental  error;  and,  if  consistent,  the  errors  of  a.m.  and 
P.M.  are  cancelled;  or  it  may  be  an  inconsistent  form  of  the 
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second  kind  of  error,  due  to  the  error  of  separating  and  of  closing 
motion  being  accepted  differently. 

3  and  4  of  the  same  figure  are  personal  equation  error,  and 
whicheyer  limb  or  limbs  be  used,  the  errors  accumulate  if  they 
are  consistent.  It  is  not  possible  to  separate  this  error  from  the 
other  errors,  without  the  use  of  a  special  mechanical  device  for 
holding  the  sextant,  such  as  a  *  sextant  stand ' ;  the  total  error 
is  probably  ±  2',  in  the  case  of  a  fairly  good  observer,  being  re- 
duced with  practice  and  experience,  and  using  a  *  sextant  stand,' 
to  probably  ±  20". 

By  bearing  in  mind  that  these  two  forms  of  personal  and 
accidental  error  can  be  (inextricably)  involved  in  each  other,  it 
may  be  possible  that,  by  taking  a  number  of  observations  of  each 
limh  in  succession,  comparing  the  result  of  one  limb  with  that  of  the 
same  in  the  afternoon,  and,  finally,  taking  the  mean  of  the  results 
obtained,   the  effect  of  personal  error   may  be  reduced  to  a 
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The  Suns  are  Here  Shown  Relative  to  Contact  Only 

Fio.  24. 

minimum.  This  is  what  is  done  in  practice ;  a  series  of  eleven 
sights  are  made  of,  first,  the  upper  limb,  where  the  movement  is 
dotiiuf  suns,  followed  by  the  same  number  of  lower  limb,  the 
movement  being  sepaauting  suns ;  these  closing  and  opening  move- 
ments, both  A.H.  and  p.m.,  will  still  further  reduce  the  probable 
error. 

It  must  be  understood,  without  any  manner  of  doubt,  that  any 
number  of  observations  of  the  same  limb  reduces  but  infinitesi- 
mally  the  personal  error  of  contact,  with  sun  sights ;  the  error  is 
probably  repeated  sight  after  sight,  and  as  the  eye  tires,  is  even 
more  pronounced. 

107.  In  Artificial  Horizon  the  Observed  Angle  is 
Halved :  Proof. — In  artificial  horizon  sights  the  angle  measured 
is  twice  the  true  angle ;  and  the  total  error  of  observation,  made 
up  of  r  30"  instrumental  error  (see  par.  90),  and  of  2'  error  of 
observation  as  stated  above,  totalling  3'  30'',  is  applied  to  the 
observed  angle ;  consequently  the  restdting  error  is  halved. 

At  the  end  of  Chapter  YI.  an  explanation  is  given  of  instru- 
mental error,  accounting  for  V  30". 

If  to  this  be  added  ±2',  as  'personal'  error,  the  total  amount 
of  error  in  any  observation  using  artificial  horizon  with  an  ordi- 
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nary  sextant,  in  supposed  adjustment,  in  the  hands  of  a  fairly 
capable  observer,  will  amount  to  ±  3'  30''. 

Parallax,  i,e,  the  distance  between  the  eye  and  the  artificial 
horizon,  is  so  small,  as  compared  with  the  distance  of  the  celestial 
object,  that  it  is  neglected;  the  angle,  therefcMre,  is  the  same 
whether  taken  from  A  (see  fig.  25)  or  from  E :  S  A  H  is  the 
altitude  of  the  body,  but  S'  E  A  is  the  angle  measured,  and  S'  £ 
is  practically  parallel  to  S  A : 

S'EA = SAX  =  S  AH + H  AX, 
but  SAH  »  EAO  (angle  of  incidence  and  reflection), 
and  EAO  ==  HAX. 
.-.  SAH  =  HAX, 
and  therefore  SAX  =  2  SAH. 


That  is,  the  observed  angle  ==  twice  the  true  altitude,  and  the 
observed  angle,  which  includes  all  the  errors,  is  divided  by  two  to 
obtain  the  true  altitude. 

Advcmtage  of  Using  the  Artificial  Horizon. — This,  be  it 
noted,  is  the  advantage  of  using  the  artificial  horizon ;  although 
the  angles  usually  observed  on  it  are  those  at  which  instrumental 
errors  are  a  maximum,  yet  they  are  halved. 

To  distinguish  Art.  Hor.  sights,  they  are  shown  as  Q  or  ^^, 

being  the  lower  and  upper  limbs  respectively. 

108.  Purpoues  of  Artificial  Horizon  Observations. — 
Now  artificial  horizon  sights  are  taken  for  the  purpose  of 
determining  the  error  of  the  chronometer,  or  for  the  ultimate 
purpose  of  finding  the  difierence  of  longitude  (see  Meridian 
DittanceSj  p.  415). 

An  observer  with  moderate  practice  should  be  able  to  obtain 
the  error  of  the  chronometer  to  within  one  second  ;  and,  if 
reasonably  consistent  in  his  observing,  the  difference  of  longitude 
between  any  two  places  to  within  *2  of  a  second  of  time. 
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109.  Obeervations  for  Longitude.  —  Usually  the  sun  is 
observed,  though  equally  good  and  perhaps  better  results  are 
obtainable  with  stars,  when  an  observer  finds  himself  competent 
to  take  them.  In  practice  stars  are  more  troublesome ;  not  so 
easy  to  *  catch'  or  to  follow;  it  should  be  only  attempted  by 
ambitious  observers. 

Method  of  Observing. — Suppose,  then,  the  sun  is  observed, 
and  the  time  to  be  a.m.     A  set  of  eleven  sights  will  be  taken  of  the 

upper  limb  r^ ;   then  wait  the  interval  that  the  sun  takes  to 

move  two  diameters,  and  take  a  set  of  eleven  sights  of  the  lower 

limb  r^ :  the  last  *  sight '  of  the  r^  will  then  appear  W,  and 
without  changing  the  angle,  the  first  *  sight '  of  the  ^j  will  be 


2 


the  contacts  are  here  shown  as  actual,  not  inverted. 


These  sets  of  eleven  sights  should  be  taken  at  intervals  of  10'  of 
arc ;  the  first  sight  being  set  at  an  even  10',  and  the  '  stand  by ' 
given  just  before  the  contact  appears.  The  vernier  is  then 
advanced  (for  a.h.'8)  exactly  10'  (see  explanation  of  setting  or 
reading  a  sextant  and  adjusting  vernier  screw,  par.  105)  as 
before,  a  *  stand  by '  given  in  good  time ;  and  so  on  for  the 
whole  eleven  sights.  Before  commencing  these  sights,  the  tangent 
screw  should  be  adjusted  to  one  end  of  its  run. 

Suppose  the  first  reading  to  have  been  100*  30',  then  the 
eleventh  will  be  102'  10'.  

Leave  this  and  wait  for  the  passage  of  the  sun  from  Q  to  Q  ; 

this  will  occupy  from  3  to  4^  minutes,  and  gives  the  eye  a  rest, 
and  an  opportunity  to  slue  the  artificial  horizon  as  well  as  to 

readjust  the  tangent  screw.     With  the  Q  the  first  reading  will 

be  102*"  10';  the  movement  will  then  change  from  a  closing  to 
a  separating  one,  and  the  tangent  screw  will  be  *  advancing' 
the  angle  as  before.  The  next  reading  will  be  102*  20',  and  so 
on,  the  last  being  103"  50'. 

After  giving  the  first  reading,  viz.,  100°  30',  it  is  not  necessary 
for  the  observer  to  read  ofi*  '  again ' ;  he  merely  advances  the 
vernier  an  even  10'.  When,  however,  the  last  *  sight '  is  made,  it 
is  advisable  to  read  it  off,  to  prevent  mistakes. 

Since  the  interval  of  arc,  if  rightly  set,  is  exactly  the  same,  the 
difference  in  time  between  each  *  stop '  should  be  very  nearly  the 
same  (the  changes  of  the  intervals  are  really  not  quite  equal,  but 
they  are  smaller  than  can  be  measured  by  eye  or  ear)  in  taking 
the  time  for  a  set  of  eleven  observations. 

It  is  probable  that  owing  to  error  of  observing,  the  difference 
between  the  greatest  and  least  interval  will  vary  from  3  to  4 
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seconds ;  however,  it  is  a  help  to  the  observer  to  see  what  is 
actuallj  happening ;  for  he  may  be  either  observing  erratically 
or  may  be  *  setting '  the  vernier  too  hurriedly  and  badly,  or  the 
artificial  horizon  may  not  be  pointing  right. 

Taking  into  account  instrumental  and  personal  errors,  the 
mean  of  these  sights  is  roughly  ±3'  in  error,  and  the  true 
altitude  1^'  in  error. 

110.  Let  W  E  in  fig.  26  represent  the  latitude  of  T.  In  con- 
junction with  this,  a  line  L  N  at  right  angles  to  it  wUl  give  the 
most  accurate  position  in  longitude,  because  an  error  of  observa- 
tion will  make  the  least  corresponding  error  in  longitude. 

Suppose  L  N  to  be  the  correct  longitude  of  T ;  to  obtain  the 
line  L  N,  the  position  of  the  sun  must  either  be  at  E  or  W. 

Admitting,  then,  an  error  of  ±  IJ'  of  altitude,  the  *  observed ' 
line  of  position  will  be  at  either  of  the  dotted  lines  parallel  to 
L  N ;  if  at  L^  Ni  the  altitude  is 
too  large  and  the  error  is  conse- 
quently -  ;  if  at  L*  N*  the  error 
will  be  -f ,  and  TT^  is  the  error 
in  one  case  and  T  T^  in  the  other ; 
but  the  sign  of  the  error  is  un- 
known, therefore  the  observed 
position  of  L  N  is  undetermin- 
able. 

Now,  if  the  position  of  the 
sun  is  not  at  £  (for  a.m.  sights) 
but  at  S  instead  (the  position 
at  £  may  be  at  an  inconvenient 
hour  or  it  may  not  be   visible 

on  that  bearing,  either  being  obscured  or  below  the  horizon) ; 
and  if  the  sights  are  absolutely  correct,  then  M  0  is  the  correct 
line  of  position  deduced ;  but  there  is  an  error  of  ±  T  30"  in  the 
sights,  and  the  line  found  may  be  either  of  the  dotted  lines  parallel 
to  M  0  ;  which  of  the  two  it  may  be  is  unknown,  and  T*  and  T* 
are  the  positions  of  intersection  with  WE:  T  T*  being  the  error 
in  one  case  and  T  T^  the  error  in  the  other. 

The  sights,  therefore,  as  they  are,  are  incomplete,  because  they 
give  no  definite  result. 

The  nearer  S  approaches  to  N — in  other  words,  the  nearer  it  is 
to  the  meridian  or  the  smaller  the  hour-angle — the  more  will 
an  error  of  observation  increase  the  error  of  position,  in  any 
given  latitude. 

111.  Elimination  of  Errors.  Observations  in  Longi- 
tude.— Let  us  suppose  that  for  one  reason  or  another  the  a.h. 
sights  are  taken  when  the  sun  is  at  S^  fig.  27. 

Then  M  0  is  the  true  line  of  position,  and  either  of  the  dotted 
lines  parallel  to  it  are  the  erroneous  lines. 


Fio.  26. 


38 


HYDBOOBAPHIC  SURVEYING. 


If  the  error  happens  to  be  —  then  M^  0^  is  the  line  obtained ; 
and  T  T^  is  the  ultimate  error. 

Now  if  another  set  of  sights  is  taken  p.m.,  when  the  position  of 
the  sun  is  at  S^,  and  having  the  same  hour-angle  as  at  S\  then 
P  Q  is  the  correct  line  of  position ;  and  if  the  observer  is  consis- 
tent, and  his  total  error  is  of  the  same  sign  and  the  same  quantity 
as  in  the  forenoon,  then  P^  Q^  is  the  erroneous  line  and  T  'P  is 
the  error  of  position. 


M' 


©. 


^-Q'      Q 


OS' 


Fio.  27. 


T  T^  will  be  equal  to  T  T^,  if  the  hour-angles  are  the  same,  that 
is,  if  the  altitudes  are  the  same ;  and  in  this  case  provided  the 
personal  error  is  the  same,  then  the  whole  error  is  the  same. 

112.  In  fact  an  equal  altitude  on  each  side  of  the  meridian  will 
probably  produce  an  equal  total  error  of  the  same  sign — omitting 
personal  equation — in  which  case  then  the  mean  of  the  two 
observations  will  be  as  near  the  exact  position  as  is  humanly 
possible. 

Graphically,  the  intersection  of  M^  0^  and  P^  Q^  on  the  meridian 
above  or  below  T  give  the  correct  longitude. 

113.  Theoretically,  this  will  be  correct  whatever  may  be  the 
positions  or  hour-angles  of  S^  or  S^,  provided  they  are  the  same ; 
but  in  practice,  the  nearer  S^  is  to  east,  and  consequently  S^  to 
west,  the  less  will  be  the  variation  in  personal  error,  ue,  the  more 
consistent  will  the  personal  error  appear  to  be;  because,  at  E. 
and  W.  the  sun's  motion  in  altitude  is  more  rapid  than  at  S^  or 
S^,  and  the  less  is  the  time  value  of  an  error  of  contact. 

114.  If  the  howr-angle  of  S^  cund  S^  are  not  exactly  the  $ame 
but  nearly  «o,  and  consequently  the  altitudes  nearly  the  same, 
practically  the  same  results  will  be  obtained.  (See  Meridian 
Distances^  p.  434.) 

It  is  a  question  of  a  different  method  of  calculating  the  results. 
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115.  BUminating  Bad  Pairs  of  Sights.— A  set  of  Bights  is 
usuaUy  written  down  in  the  following  manner,  if  equal  altitudes 
thus: — 


® 

Altitude. 

Interyal. 

Time  a.m. 

Time  p.m. 

Interval. 

Sum  of 
Seconds. 

120  80 
40 
50 

121  00 
10 
20 
80 

48 

45-5 

48-8 

46-7 

43 

45 

h     .    . 
7  20  18-5 
21  06*5 

21  52-0 

22  85-8 
28  22-5 
24  05-5 
24  50*5 

12  22  of -2 
21  28-5 
20  88-0 
19  58-8 
19  07 
18  21-2 
17  86-0 

48-7 
45-5 
44*2 
46-8 
45-8 
45-2 

25-7 
80-0 
80  0 
29  6 
29-5 
26-7 
26-5 

Meao   .     .     . 

28-8 

The  last  column  is  the  sum  of  the  seconds  of  a.m.  and  p.m.  time  of 
the  same  altitude ;  and  since  half  the  sum  of  a.h.  and  p.m.  time  of 
the  same  altitude  should,  if  the  observations  are  perfect^  give  the 
same  hours,  minutes  and  seconds,  and  taking  it  for  granted  that  the 
hours  and  minutes  will  not  be  in  error,  then  the  sum  of  the  seconds 
as  observed  should  not  differ  materially  from  each  other ;  if  any 
one  sum  does  differ  widely  from  the  general  mean^  it  should  be 
crossed  out :  a  scrutiny  of  each  separate  interval  of  time,  before 
and  after  the  faulty  pair,  will  expose  the  individual  sight  at  fault. 
If  the  altitudes  are  not  equal  they  are  written  down  in 
precisely  the  same  manner,  with  an  additional  column  for  alti- 
tudes ;  owing,  however,  to  the  interval  between  each  a.m.  sight 
differing  from  that  of  the  p.m.'s,  the  column  for  sum  of  seconds 
is  useless ;  and  this  is  a  drawback  to  the  value  of  the  sights. 

116.  *is.eaxnng'  Sights. — In  the  case  of  equal  altitudes  it 
is,  however,  unnecessary  to  mean  all  the  times  and  altitudes :  the 
altitudes  are  not  required,  and  the  mean  of  the  sum  of  the  seconds 
gives  the  data  required. 

When  the  altitudes  are  not  equal,  each  set  of  altitudes  and  of 
times  has  to  be  meaned,  and  ecush  set  or  each  sight  worked  out 
separately,  a.m.  and  p.m.  ;  and  the  work  is  longer.     (See  p.  434.) 

For  methods  of  calculating  equal  altitudes  or  *  single '  altitudes, 
see  Examples^  Appendix,  pp.  459,  443,  or  refer  to  any  standard 
work  on  navigation.  It  may  be  necessary  to  add  that  logarithms 
must  be  interpolated  to  the  nearest  second  of  arc. 

117.  Equal  Altitudes  taken  on  each  Side  of  the 
Meridian. — Equal  altitudes  must  be  taken  on  either  side  of  the 
superior  (noon)  or  inferior  (midnight)  meridian,  and  providing  it 
if  certavn  that  the  chronometer  is  not  changing  its  rate,  theoretically, 
any  number  of  hours  or  days  may  elapse  between  the  sights. 
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For  instance,  a  set  of  sights  may  be  taken  on  Monday  forenoon 
and  the  corresponding  half  on  Tuesday  afternoon ;  or  on  Monday 
afternoon  and  the  following  Wednesday  or  Thursday  morning; 
in  either  case  great  care  must  be  exercised  in  affixing  the  right 
signs  to  the  parts  in  the  formula.  (See  Appendix  III.  (a),  p.  441, 
and  Example^  p.  385,  par.  593.) 

118.  Determination  of  Latitude. — The  artificial  horizon  is 
also  used  for  the  purpose  of  determining  the  latitude.  But 
altitudes  on  each  side  of  the  meridian,  i,e,  ex-meridian  of  the  body, 
would  not  get  rid  of  the  errors  of  observation. 

In  the  case  of  ex-meridians  of  the  sun,  if  S^  is  the  position  of 
the  sun  a.h.,  then  M  0  is  the  correct  line  of  position  through  T. 


.2©    I 


<^S' 


Fig.  28. 


Fig.  29. 


Suppose  an  error  of  observation  to  be  — ,  then  M^  0^  is  the  line 
of  position  obtained. 

When  the  sun  is  at  S«,  P  Q  is  the  position  line,  and  Pi  Q^  the 
erroneous  line  obtained  if  the  error  of  observation  is  also  — . 

The  intersection  of  these  two  lines  is  at  T^,  and  the  error  in 
latitude  for  an  error  of  observation  TT^  remains  the  same  for 
both  observations.  If  there  is  an  error  of  hour-angle  when  the 
observations  are  made  on  both  sides  of  the  meridian,  the  error  of 
position  is  unaltered.     (See  fig.  29.) 

For  let  SI  (fig.  29)  be  the  position  of  the  sun  a.m.,  and  M  0 
the  true  line  of  position  through  T. 

The  angle  S  T  S^  represents  the  hour-angle. 

An  error  in  the  hour-angle  supposes  the  sun  to  be  at  any  place 
but  S^ ;  let  S*  be  the  supposed  position  of  the  sun  :  then  the  line 
of  position  obtained,  in  addition  to  its  error  on  account  of  error 
of  observation,  will  be  M^  0^  now  not  parallel  to  M  0. 
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Now  S^  T  S'  is  a  small  error  in  the  hour-angle ;  and  since  S  X  S' 
is  the  erroneous,  and  S  T  S^  the  correct  hour-angle,  then  the  sign 
of  the  error  is  + . 

If  the  same  error  is  made  in  the  hour-angle  in  the  p.m. 
observation,  then  S^  will  represent  the  apparent  position  of  the 
sun,  and  P^  Q^  will  be  the  position  line  obtained. 

The  intersection  of  M^  0^  and  P^  Q^  will  be  near  T^  as  before, 
providing  the  error  in  hour-angle  is  small. 

If  the  observation  is  taken  on  one  side  of  the  meridian  only, 
an  error  in  the  hour-angle  may  increase  the  error  of  position 
found  in  the  previous  case  more  than  it  may  if  the  altitudes  are 
taken  on  both  sides  of  the  meridian. 

In  consequence  of  the  above,  ex-meridians  of  stars  are  resorted 
to :  one  star  being  on  each  side  of  the  zenith,  and  their  altitudes 
about  the  same. 

The  mean  of  each  such  pair  of  stars  will  eliminate  *  errors  of 
observation,'  and  if  observed  on  both  sides  of  the  meridian  the 
error  in  the  hour-angle  is  reduced  to  a  minimum.  The  requisite 
stars  can  be  found  in  any  star  catalogue.     (See  Appendix  IV.) 

110.  Seeing  what  is  its  use,  then,  for  purposes  of  shore  observa- 
tions, the  sextant  should  be  the  best  obtainable;  not  solely 
judged  by  its  certificate  at  Eew,  but  by  actual  results  found  in 
any  set  of  sights  without  its  complement;  that  would  be,  for 
Instance,  a  set  of  a.m.'s,  or  a  set  of  p.m.'s  worked  singly,  in  a 
place  of  known  longitude  with  an  exact  error  of  the  chronometer : 
or  by  a  set  of  ex  meridians  of  the  sun,  or  even  by  a  meridian 
altitude.  The  maker's  valuation  depends  principally  on  the 
particular  'hands'  who  made  the  instrument,  as  well  as  on  the 
material ;  and  no  doubt  this  is  the  best  index  to  the  instrument. 

120.  'GhostB.' — It  may  be  interesting  to  ofifer  an  explana- 
tion of  what  are  known  as  'ghosts,'  or  mock  suns,  often  visible 
when  using  the  artificial  horizon. 

The  author  has  known  more  than  once  of  complete  sets  of 
sights  taken  with  these  '  ghosts.' 

When  the  image  of  the  sun  is  reflected  from  the  surface  of  the 
mercury,  its  path  is  through  the  glass  to  the  eye ;  but  under 
some  conditions  the  glass  on  the  roof  of  the  artificial  horizon  acts 
partly  as  a  mirror  and  reflects  the  image  back  to  the  mercury, 
from  whence  it  is  again  reflected  through  the  glass.  In  theory 
at  certain  altitudes  there  must  be  an  endless  number  of  these 
ghosts,  but  in  practice  only  one,  or  perhaps  two,  may  be  very 
distinct,  and  a  dusty  glass  will  accentuate  these  images. 

121.  Affixed  Level  in  the  Vernier  Plate. — Another  point 
of  interest  is  that  in  artificial  horizon  observations,  whatever  may 
be  the  altitude,  the  index  glass  is  always  vertical ;  and  it  is  owing 
to  this  that  in  some  '  observing '  sextants  a  level  is  fitted  in  the 
vernier  plate;  so  that  if  the  approximate  altitude  of  the  star 
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is  placed  on  the  sextant  and  the  instrument  held  so  that  the 
index  glass  is  perpendicular,  as  shown  by  the  level,  then  the 
observer  has  got  hold  of  the  right  star ;  this  contrivance,  and  a 
small  electric  light  to  throw  a  light  on  the  arc,  are  the  extra 
fittings  on  a  sextant  which  are  an  aid  in  star  observations. 

122.  Sextant  Stand. — The  'sextant  stand '  has  been  alluded 
to :  it  consists  of  a  pillar  supporting  an  arm,  at  one  end  of  which, 
through  the  handle,  the  sextant  is  screwed  on ;  at  the  other  end 
of  the  arm  are  adjustable  counterpoise  weights. 

The  arm  is  capable  of  turning  in  a  horizontal  plane,  as  well  as 
a  vertical  plane  in  the  line  of  the  arms ;  and  the  sextant,  pivoted 
at  the  centre  of  the  handle,  can  be  moved  in  a  vertical  plane  at 
right  angles  to  the  arm ;  this  gives  three  motions. 

The  pillar,  at  its  base,  is  screwed  into  a  socket,  from  which 
three  legs  radiate,  having  mill-headed  screws  at  their  ends. 

These  screws  are  for  the  purpose  of  giving  the  fine  adjustment 
to  the  sextant  in  the  two  vertical  planes,  after  the  rough  setting. 

When  first  set  up,  the  vertical  plane  of  the  sextant  must  pass 
through  the  artificial  horizon  when  it  is  in  alignment  with  the 
sun ;  to  keep  this  alignment,  since  it  is  constantly  necessary  to 
slue  the  artificial  horizon,  the  sextant,  stand  and  all,  has  to  be 
moved  to  one  side  or  the  other ;  it  is  also  constantly  necessary  to 
change  the  position  of  the  observer  for  the  change  in  altitude ; 
one  movement  is  then  advancing  or  retiring,  towards  or  from 
the  Art.  Hor.,  and  the  second  is  to  one  side  or  the  other; 
conveniently  the  sextant  stand  may  be  mounted  on  a  double 
board,  one  a  fixture  and  the  other  movable  from  it,  to  which  is 
affixed  a  sideways  motion  screw,  and  a  back-and-forward  motion 
screw. 

Since  the  sextant  is  held  in  a  stand,  the  observer  has  then  only 
to  prepare  in  advance  for  the  contact  of  the  sun's  limbs,  or  of  the 
stars  ;  and  without  touching  the  instrument,  keeps  his  eye  on  the 
objects,  and  waits  till  they  are  in  contact ;  any  motion  required 
is  given  by  the  mill-headed  screws  at  the  ends  of  the  legs  at  the 
base  of  the  pillar. 

Necessarily,  then,  the  observations  will  probably  be  more 
accurate  than  if  the  sextant  is  held  in  the  hands. 

123.  Error  in  Sea  Sights. — The  'errors  of  observation,' 
when  using  the  sea  horizon,  can  be  very  large. 

There  is,  first,  the  instrumental  errors,  amoimting  to,  as  has 
already  been  explained,  ±  1'  20". 

The  accidental  errors  would  be  due  to  limited  magnifying 
power  of  the  telescopes ;  and  there  is  the  wavy  and  not  perfectly 
distinct  line  of  the  sea  horizon ;  it  is  probable  a  combination  of 
these  two  will  amount  to  ±  1'. 

There  is  yet  another  error,  which  may  be  of  very  great  magni- 
tude, due  to  the  change  in  the  apparent  position  of  the  sea 
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horizon ;  it  is  caused  by  the  difiference  between  the  temperature 
of  the  water  and  of  the  air  at  the  surface. 

In  extreme  cases  this  is  known  to  amount  to  +  9'  of  arc  (see 
table  in  Inman^s  Tables)^  and  there  are  evidences  of  cases  where 
the  visible  horizon  is  below  the  true,  and  the  error  therefore  - . 
In  other  still  more  extreme  conditions,  such  as  arise  in  the  tropics, 
the  amount  of  the  error  is  unknown.     (See  footnote,  p.  99.) 

On  an  average,  the  error  due  to  the  change  in  the  apparent 
position  of  the  horizon  may  be  said  to  be  +!'• 

Personal  error  is  probably  another  ±1'. 

The  combined  errors  can  then  amount  to  ±4' 20",  under 
ordinary  conditions;  and  in  the  tropics  may  reach  +12'. 

N,B. — For  twilight  stars,  however,  the  error  may  be  reduced 
to  ±  2'  30" ;  but  for  night  sights  the  error  may  be  anything  from 
5'  to  10'. 

Generally^  all  observations  taken  at  sea,  given  the  best  condi- 
tions, can  be  said  to  be  at  least  ±  4'  in  error :  they  range  from 
±4'  to  +12' ;  this  is  equivalent  to  a  minimum  of  four  miles  of 
latitude;  the  corresponding  amount  in  longitude  will  depend 
upon  the  latitude,  the  declination,  and  the  time  the  observation 
was  taken,  i.e.  the  H.A. 

An  error  in  time  wUl  change  the  direction  of  the  line  of 
position,  and  an  error  in  altitude  will  move  the  line  parallel  to 
itself  (see  figs.  27  and  29). 

Fixing  AstronomicaJly  by  Sea  Horizon. — Two  position 
lines,  one  being  on  each  side  of  the  meridian,  will  eliminate  a 
great  deal  of  the  errors,  though  it  may  accentuate  that  of  the 
change  of  position  of  sea  horizon  where  the  changes  of  tempera- 
ture vary  considerably,  and  will  give  the  best  longitude ;  whereas 
two  position  lines,  one  on  each  side  of  the  prime  vertical,  the 
altitude  being  small,  the  errors  of  observation  will  be  negligible, 
give  the  best  latitude. 

It  must  be  evident  that  where  there  are  such  large  errors 
incidental  to  fixing  by  sea  horizon,  the  errors  of  construction 
and  the  residue  of  those  of  adjustment  which  reach  the  maximum 
at  large  angles,  are  absorbed  by  the  grosser  errors  and  can 
certainly  be  neglected,  more  evidently  so,  seeing  that  no  angle 
can  be  over  90 ** ;  and  a  sextant  capable  of  reading  within  1'  to  2' 
is  good  enough,  bo  long  aa  it  remains  in  that  state. 


Qttbstions. 

1.  On  what  occasion  would  it  be  preferable  to  adjust  the  sextant 
so  as  to  reduce  the  index  error  to  a  minimum  ? 

2.  (a)  Of  what  use  is  the  blank  tube  usually  supplied  in  sextant 
boxes? 
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(b)  Of  what  use  the  coloured  eye-pieces  ? 

3.  What  purpose  does  the  movement  of  the  *  up-and-down  * 
piece  serve — 

(a)  When  taking  observations  on  shore  1 

(b)  When  taking  stars  at  night,  with  the  sea  horizon  ? 

4.  At  what  exact  spot  on  the  sextant  is  the  '  receiving  angle ' 
between  two  objects  subtending  an  angle  of  90*7  the  distance 
between  the  mirrors  being  4  inches,  and  the  angle  at  the  horizon 
glass  between  the  index  glas3  and  the  axis  of  the  telescope 
being  35*. 

5.  You  require  to  buy  a  sextant  costing  not  less  than  £10 — 

(a)  Give  any  ideas  you  have  in  choosing  one  in  the  shop. 

(b)  State  how  you  would  overhaul  it,  adjust  it,  and  try  it 
*at  home ' 

6.  All  side  error  being  removed :  if,  in  spite  of  the  most  careful 
observing,  it  is  found  that  the  check  on  index  error  measurement 
is  2'  in  error,  what  is  the  probable  cause  9    And  how  is  it  remedied  1 

If  taking  equal  altitudes,  would  this  error,  if  left  in,  afifect  the 
results  ? 

7.  In  artificial  horizon  sights,  with  the  sun's  double  altitude 
130",  one  of  the  suns  shows  distinct  double  limbs. 

What  is  the  probable  cause  ?    And  how  is  it  remedied  ? 

8.  What  is  the  advantage  of  the  large  object  glass  to  a  star 
telescope?  Is  it  necessary  that  the  horizon  glass  should  be  a 
corresponding  size  ?    £xplain  why  or  why  not. 

9.  The  vernier  coincides  with  the  arc  at  0'  and  10",  when  the 
index  is  at  0* ;  at  100'  the  vernier  coincides  at  0**  and  7'. 

(a)  What  is  wrong  with  the  sextant  1 

(b)  Can  the  error  be  remedied  ? 

(c)  What  would  the  actual  angle  be  if  the  vernier  read  102* 
22'  20"  1 

10.  (a)  What  is  the  tabulated  error  in  the  lid  of  the  sextant  box  ? 

(b)  On  what  occasion  would  it  be  necessary  to  apply  it  ? 

(c)  Is  it  a  permanent  error) 

11.  (a)  What  is  collimation  error? 

(b)  Suppose  the  difiference  of  readings  between  the  contact 
of  two  stars  on  the  lower  and  on  the  upper  line  to  be  4'.  How 
is  the  correction  made  ? 

12.  (a)  What  is  the  most  accurate  system  of  taking  observations 
on  shore  with  the  sextant,  and  using  the  sun  ? 

(b)  Is  personal  error  eliminated  9 

13.  (a)  What  is  the  most  accurate  way  of  determining  the 
error  of  chronometer  for  meridian  distances  ? 

(b)  What  is  the  most  accurate  way  of  determining  the 
latitude  of  a  place  ? 

(c)  In  either  case,  is  centring  error  eliminated?  If  so,  in 
what  way? 


CHAPTER  VIII. 
ANGULAR  MEASUREMENT  AND  FIXING. 


124.  Horizontal  Angles. — Angular  measurements  with  a 
sextant  between  the  sun  and  any  object  are  required  for  the 
purpose  of  finding  the  true  bearing  of  the  object.  (See  under 
True  BearingSf  p.  97.) 

The  angle  between  two  terrestrial  objects  will  be  for  the 
purpose  of  (1)  projecting  that  angle  from  a  line  joining  the 
observer  and  one  of  them  as  a  line  of  reference;  or  (2)  it  is 
required  for  fixing  the  position  of  the  observer. 

In  either  case,  and  specially  in  the  first,  the  angle  projected 
must  be  the  horizontal  angle. 

125.  Difference  between  Angular  Measurement  and 
Horizontal  Angle. — ^Let  0  be  the  position  of  the  observer; 
X  and  Y  two  objects  on  the  observer's  horizon ;  P  X,  P  Y,  great 
circles  through  X  and  Y.  Then 
X  P  Y  or  X  0  Y  is  the  horizon- 
tal angle  between  X  and  Y. 

If,  however,  X  and  Y  have 
the  same  and  a  considerable 
altitude,  then  X^Y^  are  their 
positions  ;  and  X^Y^  =  X  Y : 
X^P  Y^  the  horizontal  angle 
between  them  =  X^O  Y^  is 
>XPY  or  XOY,  because 
PX^  is  not  parallel  to  PX, 
nor  PYi  to  PY  (see  fig. 
32  (b)). 

Hence  X^O  Y^,  the  observed 
angle  between  X^  and  Y^,  is 
>XOY,  and  if  projected  as 
the  horizontal  angle  between  X  and  Y  will  be  an  error. 

In  fig.  32  (b)  X  and  Y  are  on  the  observer's  horizon  and 
X  O  Y  or  X  P  Y  is  the  horizontal  angle  between  them  =  X*P  Y*. 
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Suppose  X^  and  Y^  (6g.  31)  to  be  the  summits  of  two  hills,  then 
X  0  Y  =  X  P  Y  =  X^P  Y*  is  the  projected  horizontal  angle  between 
them,  but  X^OY^  =  X^PY^  is  the  angular  measurement,  and 
XPXi  +  YPYi  =  error. 

Hence  the  angular  measurement  between  two  objects  of  the 
same  altitude  is  not  the  horizontal  angle  between  them,  though 
the  error  is  very  small  for  small  altitudes,  when  P  X  and  P  Y  may 
be  admitted  parallel  to  P  X^  and  P  Y^. 


\ 
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126.  Objects  of  Different  Altitudes.— When  the  objects 
are  of  dififerent  altitudes,  taking  X  and  Y^  in  fig.  32  (a)  as  an 
illustration,  the  height  of  Y^  being  1000  feet :  then  the  angle 
measured  is  between  the  distance  X  Y^,  and  if  X  and  Y  are  1  mile 

apart = 6080  feet,  then  XY^  =  ^(1  mile)* +  (1000  feet)« =6162  feet. 

Now  whereas  X  0  Y  ^the  horizontal  angle  between  X  and  Y^) 
will  subtend  60*,  X  0  Y^  (the  measured  angle)  will  be  >  60*,  because 
XYMs  >XY. 

The  value  of  X  Y^  will  depend  upon  the  value  of  X  Y  (that  is, 
the  distance  apart  of  X  and  Y)  in  combination  with  the  altitude 
of  Y  (Y  Yi) :  and  the  length  of  0  Y^  will  vary  as  the  altitude  of  Y^ 
(see  (a),  fig.  32) ;  and  likewise  angle  Y  X  Y^  (see  (6),  fig.  32)  will 
depend  upon  Y  Y^ :  and  as  0  Y^  increases  with  altitude,  Y  X  Y^  will 
increase  in  the  same  ratio  when  the  angle  is  small ;  and 

X Y :  XYi : :  XOY  :  XOY^  when  XY  nearly  =  XY^ ; 

XOY  =  XOY\  |Ij  =  XOYi  cos  YXY^  when  YXY^  is  small, 

i.e.  the  horizontal  angle  between  X  and  Y  =  observed  angle 
COS  Y  X  Y^ ;  and,  the  smaller  the  angle  Y  X  Y^,  the  nearer  will 
the  observed  angular  distance  be  to  the  true,  the  cos  of  0*  =  1 
008  60*  8=  J. 

127.  Angle  of  Inclination  between  Objects  of  Different 
Altitudee. — Beyond  20*  the  cosine  changes  very  rapidly,  and 
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also  the  equation  will  be  less  exact,  for  X  Y  will  not  nearly  =:  X  Y^ ; 
therefore  the  angle  X  Y  X^  should  not  exceed  that  inclination. 

Hence,  in  taking  angular  measurements,  the  objects  should, 
as  far  as  possible,  be  of  the  same  altitude. 

128.  Reducing  Angular  Measurements  to  an  Horizontal 
Angle. — When  the  exact  angle  is  required  for  plotting,  and  the 
objects  are  of  dififerent  altitudes,  it  must  be  calculated.    Fig.  33 
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is  on  the  plane  of  the  horizon;  X  is  a  body  on  the  horizon 
Z  X  a  90' ;  Y  has  an  angle  of  altitude  of  9"  20'.  In  the  spheri- 
cal triangle  X  Y  Z. 

ZY=:80*  40',  the  arc  XY  is  the  observed  angle,  XZ  Y«hori- 
ssontal  angle. 

Cos  X  Z  Y  =  cos  X  Y.    Cosec  Z  Y  =  cos  observed  angle.    Sec  alti- 
tude of  Y. 

Example  1.— Let  the  observed  angle  be  88"*  47' ;  I.E.  +  3'. 
Then  cos  XZY=cos  88'  50'.     Sec  9'  20' 
log  cos  88°  50'=  9-308794 
log  sec   9°  20' =  10-005788 


log  cos   9-314582  =  78"  05'  30", 
therefore  the  horizontal  angle =78"  05'. 

Example  2. — Let  the  observed  angle  be  135°  corrected  for  index 
error  (see  fig.  34),  and  suppose  that,  as  before,  the  altitude  of  Y 
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is  9*  20',  and  let  the  altitude  of  X  be  17*  50';   XZ  Y  is  the 
horizontal  angle  between  X  and  Y. 
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And  log  cosec  80*  40'     10-005788 
„       72*  10'     10-021385 


8*30' 
XY  135'  00' 


log  i  hav.  143°  30'    4-946937 
„     „      124^*30'    4-977586 


log  hav.  9-951696  =  142'  08' 
Therefore  the  horizontal  angle  in  this  case  =142*'  08'. 

129.  Horizontal  Angles  for  ^  Fixing '  by  Station  Pointer. 
— Where  the  angle  is  taken  for  '  fixing '  by  station  pointer,  and 
the  greatest  possible  accuracy  is  arrived  at  without  exactness,  it 
may  be  near  enough  to  keep  within  the  limit  stated,  i,e.  of  about 
20°  as  explained  above. 

If,  however,  this  condition  does  not  exist,  and  an  accurate 
angle  is  required,  then,  select  a  third  object,  to  the  left  or  right  of 
the  higher  one,  de^ribed  as  Y  in  fig.  32a,  and  measuring  as  large 
an  angle  as  possible  from  X;  observe  the  angle  from  X,  and 
likewise  take  the  angle  from  Y  to  the  third  object.  The  difibr- 
ence  between  the  two  measurements  will  be  angle  0  X  Y. 

130.  For,  evidently,  if  the  amount  of  the  error  which  is  the 
difiference  between  the  observed  angle  and  the  horizontal  angle 
depends  upon  Y  X  Y^  (see  fig.  325),  the  smaller  that  angle  is  the 
better  when  X  is  on  the  horizon  and  Y  has  an  altitude,  or 
where  their  altitudes  differ  materially ;  and  its  minimum  will  be 
where  X  Y  =  X  Y^  and  X  Y  is  the  greatest  possible — that  is,  X  0  Y 
is  as  large  as  the  sextant  will  measure,  viz.  130",  for  then  the 
inclination  is  nearly  0**,  and  the  distances  nearly  equal. 

131.  Minimising  the  Difference  of  the  Observed  Angle 
and  Horizontal  Angle. — If,  then,  X  is  to  the  left  or  right  of  Y, 
select  another  on  the  side  near  the  lower  one,  as  far  round  from 
the  higher  object  as  the  arc  of  the  sextant  will  admit,  and  reflect 
both  X  and  Y  to  it ;  the  difiference  between  the  observed  angles 
will  give  an  approximately  correct  horizontal  angle  between 
X  and  Y. 

132.  Desirability  of  taking  Objeots  of  the  Same  Levels. 
— It  is  more  desirable,  however,  so  far  as  may  be  practicable,  to 
use  water-line  marks  with  others  on  the  water  line,  and  summits 
with  summits;  and  this,  as  has  been  stated,  is  more  necessary 
when  the  angle  is  for  the  purpose  of  being  projected. 

133.  Angles  all  Meaanred  from  an  Initial  Point  called 
the  Zero. — When  more  than  one  angle  is  required,  it  will  be 
more  accurate  to  take  them  all  from  the  one  object  rather  than 
from  each  to  the  next ;  that  one  is  known  as  the  zero — usually 
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marked-^.  For  every  angle  taken  is  in  error;  and  if  this 
error  is  carried  from  one  to  the  other,  each  angle  will  have  not 
only  its  own  error  but  the  errors  of  all  the  others  from  the  A-. 

134.  A  round  of  angles  for  plotting  purposes  might  be  shown 
thus,  an(f  taken  with  a  sea  serviceable  sextant. 


^For Summits  Only 
104-30  ^28 10 


3630 


104-20 


96*22 


*0'»    T^ 
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08  J'iiA'    I    5:20 

(This  is  tns  Zero  for 

ffsterUnt  Objects) 


Each  of  the  dots  represents  some  definite  object,  to  which  a  name  can  be 
affixed ;  and  the  zero  is  a  '  fixed '  object  with  a  name,  in  the  above  sketch 
designated  Qreen.  To  '  fix '  the  high  summit  on  the  left,  -^  Green  is 
the  best  available,  and  the  angle  is,  Summit  104^  30'  Green  ;  but  all  the 
other  tfUjmmUs  are  taken  with  -^  left  high  summit.  This  gives  the  most 
accurate  results;  from  Green  to  summit  marked  82*  06'  or  to  77*  10' 
would  be  a  bad  way  of  measuring  the  angles. 

It  is  a  strange  fact  that,  given  equal-sized  sheets  of  paper,  two 
individuals  will  draw  from  nature  the  same  view  from  the  same 
distance  a  different  size;  and  when  the  distances  differ,  the 
sketches  sometimes  seem  ridiculously  out  of  all  relative  perspective. 

Now,  two  views,  each  with  the  necessary  angles  to  the  same 
objects  shown  on  both  sketches,  are  required  to  *  fix '  any  object ; 
and  when  details  such  as  hills  have  no  distinguishing  mark,  they 
must  be  recognisable  in  each  view  so  as  to  locate  them  by  their 
general  outline  and  relative  positions,  as  well  as  by  the  size  they 
are  drawn  in  relation  to  distance. 

In  such  a  case,  the  sketches  on  the  same  scale  as  well  as  in 
separate  notebooks  save  infinite  trouble. 

The  scale  adopted  is  an  arbitrary  one. 

The  graduations  of  ^-inch  units  on  the  edge  of  a  rectangle 
protractor  may  be  used  for  a  scale. 

135.  To  Make  a  Sketch. — First,  draw  the  outline  of  the 
distant  hills  at,  for  instance,  half  the  distance  apart  as  measured 
with  the  protractor  when  held  horizontally  and  at  arm's  length. 
Starting  from  the  left,  suppose  from  one  distant  summit  to  the 
next  on  the  right  measured  by  the  protractor  held  at  arm's  length 
is  20  units ;  then  sketch  it,  measuring  10  units  from  the  left,  and 
so  on  ]  put  in  the  water-line  from  the  vertical  height  proportioned 
in  the  same  way ;  then  put  in  the  middle  distance,  if  necessary  by 
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the  same  method,  though  it  will  be  found  often  enough  easy  to 
fit  it  in  between  the  background  summits;  finally,  the  nearer 
objects  and  those  on  the  water-line,  each  fitting  in  in  their 
respective  places  with  regard  to  both  angles  and  perspectiye 
distance. 

By  this  means  every  object  will  be  relatively  and  more  or  less 
correctly  placed  in  angular  measurement,  and  the  relative 
perspective  and  scale  of  the  two  sketches  will  be  very  nearly 
the  same. 

Adopting  half  of  the  ^-inch  units  as  the  scale  makes  the  value 
of  each  unit  about  1^"*  and  leaves  room  for  writing  in  the  angles. 

For  example,  with  the  protractor  at  arm's  length,  the  distance 
between  two  summits  reads  20  j^inches. 

The  outline  of  these  summits  is  drawn  on  the  paper  10  ^-inches 
apart ;  this  will  roughly  represent  a  subtended  angle  of  1 2**  at  the 
observer's  position. 

Fig.  35  as  here  produced  is  on  the  very  small  scale  of  1  unit  = 
10"  roughly;  the  scale  of  fig.  36  is  1  unit=3^'',  and  would  be 
quite  large  enough  for  the  particular  purpose  intended. 

136.  Sketch  for  Fixing  one's  Position.  —  For  fixing 
purposes,  on  a  published  chart,  where  many  hills  and  islets  might 
bear  no  names,  sufficient  angles  for  fixing  by  station  pointer  or 
tracing-papers  are  all  that  is  wanted. 

The  following  sketch  (fig.  36)  will  answer  the  purpose. 

31-30 
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Here  the  object  is  to  '  fix '  a  particular  spot  afloat,  and  not  the 
land  ;  and  the  extent  of  the  sketch,  the  relative  portions  of  islets, 
whether  'open  '  or  'shut  in'  or  '  in  transit,'  is  an  additional  and 
very  important  aid  in  '  picking  up '  that  spot  again. 

The  objects  of  the  above  two  sketches  are  for  difierent  purposes. 

For  this  sketch  a  '  sounding  sextant '  suffices. 


CHAPTER  IX. 
PROTRACTOR. 

137.  The  primary  use  of  a  protractor  is  to  '  set  off'  or  *  lay  off' 
any  giyen  angle. 

The  transparent  horn  protractor,  either  circular  or  semicircular, 
is  graduated  along  its  circumference,  and,  according  to  its  size, 
either  divided  into  degrees  or  half  degrees. 

The  hase  line  for  these  divisions  is  the  line  joining  the  gradua- 
tions of  0*  on  each  side  of  the  centre  ;  but  the  base  of  the  semi- 
circular protractor  extends  about  \  inch  below  this  line.  It  is  not 
always  safe  to  assume  that  this  edge  of  the  protractor  is  parallel 
with  the  base  line  of  the  graduations. 

138.  'Projecting'  Angles. — To  project  an  angle  with  any 
given  line,  first  by  the  graduations  along  the  edge.  It  must  be 
admitted  as  a  fact  that  it  is  not  practicable  to  correctly  '  produce ' 
or '  extend '  or  '  continue '  a  line  after  it  is  once  drawn,  therefore 
it  must  be  made  the  rule  to  draw  the  line  joining  the  centre  of 
any  two  marks  or  holes  made  in  the  paper,  the  full  length  the 
ruler  will  admit ;  and  it  should,  as  far  as  is  practicable,  approach 
Euclid's  definition,  ''A  line  is  length  without  breadth."  This 
will  depend  upon  the  quality  of  the  paper  and  upon  the  grade  of 
the  pencil  used. 

Let  A  B  (fig.  37),  drawn  both  ways  beyond  A  and  B,  be  a  line 
joining  A  and  B.  From  the  point  A  it  is  required  to  project  an 
angle  112*  18',  to  the  left  of  the  line  AB.  This  is  written— 
at  A,  C  112*  18'  B ;  if  the  angle  was  to  the  right  of  A  B  it  would 
be  stated  as— at  A,  B  112*  18'  C. 

Place  the  base  line  of  the  rectangular  or  semicircular  protractor 
along  the  zero  line  A  B,  and,  with  the  centre  mark  at  A,  the  base 
line  will  extend  along  A  B  produced.  And  here,  it  will  be  noticed, 
is  the  advantage  of  the  length  of  A  B ;  for  the  base  line  of  the 
protractor  is  obviously  more  correctly  placed  than  if  the  length 
A  B  only  be  used. 

With  the  protractor  in  this  position,  mark  on  the  paper  or 
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'  set  off '  with  a  needle-pointed  pricker  the  angle  as  indicated 
along  the  edge  of  the  protractor.^ 

In  this  case,  since  the  angle  is  112*  18',  and  the  graduations 
are  only  in  30'  or  in  whole  degrees,  the  odd  18'  must  be  guessed. 

Keep  the  'pricker'  in  the  mark  with  one  hand,  and  remove 
the  protractor  with  the  other,  setting  its  edge,  or  the  edge  of  any 
ruler  used,  pushed  up  against  the  pricker  and  through  the  point  A. 

Before  finally  drawing  this  line,  feel  with  the  pencil  point 
whether  it  will  go  through  the  centre  of  the  hole  made  at  A. 
Satisfied  as  to  this,  then  draw  the  line  the  whole  length  of  the  i^der. 


Fig.  37. 

For  any  error  made  in  'setting  off'  the  angle,  the  further  the 
line  is  produced  beyond  the  pricked-off  point,  the  greater  will  be  the 
error  of  position  of  any  object  from  the  correct  line.    (See  par.  141.) 

The  object  C  will,  if  the  angle  is  correctly  set  off,  then  be  any- 
where along  the  line  A  C. 

139.  Project  a  Number  of  Angles  without  Moving  the 
Protractor. — If  more  than  one  angle  is  to  be  projected  from 
the  zero  line  A  B,  they  should  all  be  ticked  off  without  moving  the 
protractor.  They  are  then  all  relatively  correct  to  that  zero  line, 
which,  if  once  moved,  can  never  be  replaced  in  exactly  the  same 
position  as  before.^ 

^  The  invaluable  pricker  is  not  often  supplied  in  the  ordinary  instrument 
box,  but  it  can  be  easily  made.  Take  a  disused  wooden  pen-holder  ;  with  the 
red-hot  point  of  a  needle  make  a  hole  in  the  butt  end  about  ^  inch  deep  ;  into 
this  hole  insert  the  eye  end  of  the  needle  or  the  thick  end  after  breaking  off 
the  eye  ;  then,  with  sealinff-wax,  taper  off  the  cud  of  the  holder  to  within 
\  inch  of  the  end  of  the  needle  and  it  will  be  quite  rigid. 

'  To  ascertain  if  the  base  of  the  protractor  is  straight,  lay  off  a  line  with 
the  protractor  towards  you ;  then  place  the  same  edge  of  the  protractor,  but 
on  tne  other  side  of  the  line :  it  should  coincide  with  the  first  line  drawn. 
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Again,  if  an  angle  is  observed  at  B,  between  A  and  C,  at  B,  A 
22*  38'  C  and  projected  from  that  point;  the  base  line  of  the 
protractor  is  again  placed  along  the  line  A  B  produced,  with  the 
centre  at  B.  Here  the  use  of  the  prolonged  line  again  will  be 
noticed,  for  without  it  there  is  only  the  short  length  A  B  to  keep 
the  base  line  straight. 

As  before,  the  required  angle  is  pricked  ofif,  and,  without  moving 
the  pricker,  the  ruler  is  placed  in  position. 

Evidently  the  intersection  of  lines  A  C  and  B  0  will  give  the 
position  of  C,  determined  by  two  *  direct  shots.' 

140.  Inability  to  Lay  off  Odd  Minutes  by  Edge  of  Pro- 
tractor-Receiving Angle. — But  each  angle  laid  off  is  in  error 
by  the  amount  of  the  guessing  at  the  odd  minutes ;  and  the  error 
of  the  position  C,  from  the  intersection  of  these  two  lines,  will 
depend  upon  the  angle  of  cut  of  the  lines  at  C,  known  as  the 
*  receiving  angle '  at  G,  and  also  upon  the  distances  A  C  and  B  0, 
for  obviously  the  longer  they  are  the  greater  the  error  of  their 
direction. 

If  A  C  =  B  C  and  the  angle  A  C  B  is  a  right  angle,  then  the  error 
of  the  line  of  direction  A  0  is  equal  to  that  of  B  0. 

141.  Errors  affected  by  Error  in  *  Setting  off'  an  Angle, 
and  Distajice. — Referring  to  fig.  37,  it  will  be  noted  that  the 
point  of  direction  ticked  off  when  the  protractor  was  placed  with 
its  centre  at  A  falls  outside  or  beyond  the  position  of  C  ;  hence 
any  error  made  in  that  directing  mark  will  produce  a  less  error 
at  the  distance  of  0. 

In  the  case  of  the  angle  *  laid  off'  from  B,  the  point  of  reference 
along  the  edge  of  the  protractor  is  nearer  than  the  apparent 
position  of  C ;  therefore  any  error  made  in  the  directing  mark 
will  be  increased  the  further  the  line  is  drawn  beyond  that  mark ; 
consequently  the  line  B  C,  as  far  as  the  intersection  at  C,  is  not 
so  correct  as  the  line  A  C. 

The  more  acute  is  the  receiving  angle  A  C  B,  the  greater  will  be 
the  error  of  the  line  B  C,  on  account  of  the  error  in  projecting  the 
angle  and  the  increased  length  of  B  C.  For  further  explanation 
see  par.  183. 

This  is  independent  of  the  additional  ambiguity  there  will  be 
owing  to  the  thickness  of  the  pencil  lines  cutting  each  other  at 
very  acute  angles,  called  error  in  drawing  (see  par.  138). 

142.  Errors  in  Rectangular  Protractor  Greater  than 
those  in  Semicircular. — In  a  rectangular  protractor  the  error 
of  'ticking  off'  is  still  more  accentuated  when  the  angles  are 
between  45*  and  135*,  because  the  radius  of  the  protractor  gets 
smaller  and  the  directing  line  is  shorter. 

143.  Size  of  Protractor. — From  this  it  will  be  gathered  that, 
with  a  protractor  marked  only  in  half  degrees  or  degrees,  when 
the  point  of  reference  for  odd  minutes  can  only  be  assumed  it  is 
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desirable  that  the  edge  of  the  protractor  should  fall  outside  or 
beyond  the  object  to  which  the  angle  is  projected. 

The  size  or  reach  of  the  protractor  required  will  therefore 
depend  upon  the  nature  and  accuracy  of  the  work  in  hand ;  those 
made  of  horn  are  usually  larger  and  more  accurate  than  the 
wooden  or  celluloid  rectangular  protractors. 

144.  Tables  of  Chords  on  Protractors. — But  the  best 
rectangular  protractors  have  tables  of  chords  and  scales  engraved 
on  them,  which  provide  means  of  laying  off  angles  to  a  much 
greater  degree  of  accuracy  than  the  graduations  on  the  edges; 
and  this  gives  a  wider  scope  to  their  utility. 

Let  us  suppose  that  the  protractor  is  not  large  enough  to  fulfil 
the  requirement  that  its  edge  shall  reach  beyond  the  object  to 
be  plotted. 

If  means  can  be  devised  so  that  a  protractor  of  any  length  of 
radius  can  be  designed  off-hand  on  the  paper,  such  an  arrange- 
ment will  overcome  any  question  of  size  of  instrument  at  one's 
disposal  as  regards  the  reach  of  the  graduated  edge;  the  only 
limit  being  the  size  of  the  paper  and  the  linear  measurements 
necessary.  If  any  protractor  is,  for  instance,  8  inches  long,  a 
linear  length  of  7  inches  can  be  measured  from  it,  and  it  will  then 
be  possible  to  draw  a  part  of  the  circumference  of  a  circle  with  a 
radius  of  7  inches,  representing  the  rim  of  a  circular  protractor,  a 
skeleton  in  fact,  along  the  edge  of  which  any  angle  can  be  set  off. 

145.  Advantage  of  a  'Constructed'  Protractor.  —  It 
will  be  borne  in  mind  that  if  a  rectangular  protractor  is  8  inches 
long,  the  centre  of  its  base  line  is  4  inches  from  either  side ;  and 

as  the  graduation  of  90*  is  only  about  3 
inches  or  less  from  the  centre,  such  an 
instrument  can  be  said  to  have  a  radius  of 
an  average  of  4  inches,  allowing  for  the 
corners  to  be  a  little  over  that.  If,  then, 
a  protractor  with  a  radius  of  7  inches  is 
obtainable  by  design  or  construction,  it  will 
be  an  advantage  as  compared  with  the  4-inch 
radius  ready-made  instrument. 

146.  To  Construct  Chord  Table  on 
a  Protractor.— Let  CBD  (in  fig.  38)  be 
the  arc  of  a  circle  whose  radius  is  A  B. 

Let  C  A  B  be  any  angle ;  then  C  B  is  the 
Fio.  88.*  chord  of  that  angle. 

Evidently  the  length   of  the   chord   OB 
will  depend  upon  the  radius  of  the  circle. 

If  a  be  any  angle  and  r  the  radius,  then  (I)   its  chords 

2  rad.  sin  -^,  (2)  and  the  chord  of  60*  will  always  =>  radius  = 
2r.sin  30°-2r.i=r. 
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It  is  required  to  construct  a  table  of  chords  for  a  radius  of  7 
inches.  Evidently  a  line  engraved  on  the  protractor  7  inches 
long  would  equal  the  chord  of  60"*  for  a  circle  whose  radius  is 
7  inches,  because  the  radius  =»  chord  of  60**. 

Along  this  same  line  is  set  off  from  the  0*  the  length  of  the 
chord  of  10*  and  of  20**  and  so  on  up  to  GO"*)  according  to  the 
formula  given  above.  By  this  means  we  have  a  chord  scale 
engraved  on  the  protractor,  which  may  be  graduated  to  10'  of 
arc,  and  on  it  a  measurement  of  5'  of  arc  can  be  obtained  by 
interpolation. 

147.  To  'Set  off'  an  Angle  by  Means  of  the  Chord 
Scale  on  the  Protractor. — Referring  back  to  where  from  B, 
A  22*'  38'  C. ;  to  lay  this  by  the  scale  of  chords.     (See  fig.  39.) 

With  B  as  centre,  and  the  length 
of  the  chord  of  60°  as  a  radius  (in 
this  case  assumed  to  be  7  inches), 
measured  with  a  pair  of  dividers, 
sweep  the  arc  of  a  circle  osy. 

It  is  not  necessary  to  sweep  the 
whole  circle,  but  only  such  a  part 
as  is  required  for  setting  off  the 
angle  of  22"  38'  from  line  AB. 

The  arc  will  intersect  BA  at 
some  point  either  within  or  be- 
yond A. 

Suppose  it  to  intersect  at  X. 

From  the  scale  of  chords,  measure 
from  the  0*"  the  length  of  the  chord 
of  22**  38'. 

Now,  with  one  leg  of  the  dividers  at  X,  sweep  a  small  arc  across 
the  arc  xy. 

The  point  of  intersection  of  these  two  arcs  will  be  the  mark  on 
the  part  of  a  protractor  xy,  whose  centre  is  B,  representing  the 
angle  22°  38'. 

148.  Advantage  of  Chord  Scale  in  a  Protractor. — The 
advantage  of  this  scale  is,  in  the  first  instance,  a  larger  skeleton 
protractor  produced  from  it ;  and,  secondly,  a  closer  graduation, 
with  means  of  laying  off  an  angle  to  within  5'  of  arc. 

149.  Large  Angle  Measured  by  Two  Chords. — In  the 
case  of  the  angle  at  A,  C  112**  18'  B,  it  will  be  necessary  to  find 
the  length  of  the  chord  in  two  bits. 

With  centre  A  and  length  as  before  (7  inches),  or  length  of 
chord  of  60**,  sweep  the  circle  ocy  (fig.  40). 

Without  any  fresh  measurement,  place  one  point  of  the 
dividers  at  X,  and  sweep  an  arc  across  xy^  intersecting  xy  at  Z. 

Now  xZ  is  the  chord  of  60%  and  Z  is  then  the  mark  of  60*  on 
that  portion  of  the  arc  xy  with  centre  A. 
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The  angle  required  is  52"  18'  beyond  the  60".  Take  off  the 
length  of  the  chord  of  52*  18'  from  the  scale,  and  measuring 
onwards  from  the  60*  mark,  that  is,  from  Z  to  y,  sweep  across 
Zy. 

Then  yAj;=  112*  18'. 


Fio.  40. 

150.  Chord  Scale  not  beyond  60*. — This  will  also  explain 
why  the  chord  scale  need  not  extend  beyond  60° ;  stilly  just  as  is 
the  case  when  using  the  edge  of  the  ready-made  protractor,  the 
circumference  of  the  constructed  one  may  not  fall  beyond  the 
object  C  when  the  angle  is  projected  from  B  (see  fig.  41) ;  but  the 
radius  cannot  be  prolonged  beyond  the  range  (in  inches)  the  pro- 
tractor admits  of;  longer  than  7  inches,  however,  introduces 
work  on  a  scale  beyond  the  scope  of  this  manual,  where  more 
special  instruments  would  be  brought  into  requisition ;  and  the 
7-inch  protractor  is  therefore  long  enough  for  elementary  work. 

161.  Accurate  Plotting  by  Chords  not  on  the  Protractor. 
— But  suppose,  with  the  aid  of  the  same  protractor,  it  is  desirable 
to  plot  the  angle  to  the  nearest  minute^  for  the  sake  of  the  utmost 
accuracy ;  then  the  measurement  of  the  length  of  the  chord  must 
be  taken  from  the  'diagonal'  scale  instead  of  the  prepared 
scale. 

Take  the  case  before  alluded  to,  where  at  B,  A  22*  38'  C.  With 
a  radius  of  7  inches,  the  arc  of  a  circle  is  swept,  with  centre 
b  cutting  A  B  at  a;. 

The   length  of  the  chord  of  22*   38'=2rx  sin  ??^^    (see 

par.  146)  =14x  sin  11*  19'. 

In  Inman's  Nautical  Tables  there  are  natural  sine  tables.  Then 
take  out  the  natural  sine  11*  19' =-1962;  Multiply  by  14  = 
2*747  nearly.     This  is  in  inches. 

From  the  'diagonal'  scale  on  the  protractor  take  off  this 
measurement ;  and  with  centre  x  sweep  across  the  arc  xy. 

At  the  intersection  is  the  point  of  reference  for  22*  38'  exactly. 
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152.  Length  of  Bckdius  for  Ghording  Angles. — In  practice, 
if  the  work  undertaken  is  strictly  within  the  scope  of  this  work, 
it  is  seldom  necessary  for  a  radius  of  longer  than  5  inches  to  be 
taken;  and,  moreover,  5  inches  has  the  advantage  that 
2r=2x5  =  10;  and  10  multiplied  by  the  natural  sine  of  an 
angle  merely  means  shifting  the  decimal  point  one  figure  further 
on ;  so  that,  for  a  radvM  of  5  inches^  the  natural  sine  table  is 
the  chord  table,  with  the  small  additional  trouble  of  multiplying 
the  logarithm  by  10. 

If  a  lO-inch  radius  is  used,  the  natural  sine  of  half  the  angle 
is  multiplied  by  20.  But  the  protractor  generally  in  use  does  not 
exceed  8  inches :  this,  then,  must  be  the  limit  for  the  radius  used 
with  it ;  nor  will  the  line  joining  any  two  points  in  an  elementary 
survey  usually  exceed  9  inches,  which  is  just  suflBciently  long  for 
sweeping  a  semicircle  with  a  radius  of  8  inches. 

153.  Occasions  for  Uses  of  Edge,  or  Table  of  Chords,  or 
Natural  Sine  Table. — Each  method  of  projecting  an  angle, 
whether  using  the  edge  of  the  protractor,  or  using  the  scale  of 
chords  engraved  on  the  instrument^  or  using  the  linear  scale  and 
plotting  to  the  nearest  minute,  will  have  its  time  and  place. 

154.  Other  SccJes  on  a  Protractor  (Protractor  not 
less  than  8  Inches). — Beyond  the  graduations  on  the  edge  of  a 
rectangular  protractor,  the  scale  of  chords,  the  diagonal  scales, 
and  the  linear  measurement  of  inches,  the  other  tables  on  most 
protractors  serve  no  purpose  to  a  seaman.  For  practical  work 
with  any  pretensions  to  accuracy  a  protractor  should  not  be  Icbb 
than  8  inches  long.  For  navigational  purposes,  the  horn  pro- 
tractor is  the  more  serviceable. 

It  is  seldom  that  the  graduations  on  a  protractor  are  quite 
correct,  and  less  frequently  the  centre  is  out  of  position — they 
should  always  be  tested  (see  Testing  Station  Pointer^  p.  65). 

Examples  in  Laying  Off  Angles  hy  Chords  (the  figures  are 
on  ^  natural  scale. — (1)  On  a  base  AB,  length  4  inches, 
construct  a  triangle  having  the  angles  CAB  =  35*,  CBA»20*'. 
With  A  as  centre,  describe  an  arc  of  a  circle  of  radius  1}  inch 
cutting  A  B  in  a. 

It  is  required  to  lay  off  C  A  B  of  35".     The  nat.  sine  of  '  -  (  ^ ) 

=  -3007.       The    chord    of    35"  =  2r  x  sin  |(r  =  1  J")  =  3  x  3007 

=  •902  inches. 

With  one  leg  of  the  dividers  at  a,  *  sweep'  across  the  circle 
drawn  with  A  as  centre,  cutting  A C  at  a.  Join  a',  the  point  of 
intersection,  with  A.  Then  C  A  B  =  35".  Repeat  the  operation  at 
B.  Describe  a  circle  of  radius  1  ^  inch  cutting  A  B  in  6.  From  b 
measure  the  chord  of  20"  to  h'.  Join  B6',  and  produce  it  to  meet 
Aa  in  C. 
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Then  ABC  is  the  triangle  whose  angles  are  CABs35', 
CBA  =  20*. 

In  fig.  41,  if  there  is  the  smallest  error  made  in  measuring  the 
chord  (w!  or  hh\  producing  the  lines  Aa'  or  B5'  magnify  that  error 
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the  further  the  lines  AG,  B C,  extend.  On  the  other  hand  (see 
fig.  42),  when  the  measurements  (w!  or  hh*  are  in  error,  the  result 
of  the  error  is  diminished  the  further  the  point  C  falls  within  the 
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described  arcs ;  hence  the  radius  used  should  fall  '  without '  the 
station  to  which  angles  are  to  be  projected. 

(2)  On  a  base  A  B  (fig.  43),  length  2  inches,  construct  a  triangle 
having  the  angles  C  A  B  =  80',  0  B  A  =  90*.  The  figure  is  on  \  the 
natural  scale. 

With  centre  A,  radius  6  inches,  describe  an  arc  of  a  circle  cut- 
ting A  B  produced  in  a.  With  centre  a  and  same  radius  (6  inches), 
sweep  a  small  arc  across  the  former  circle.  This  intersection 
will  be  the  measurement  of  an  angle  of  60°.  Starting  from  this 
mark  of  60**,  measure  the  chord  corresponding  to  20''  intersecting 
at  a'.  Then  a'Aa  is  80''.  Cany  out  the  same  operation  from  B 
and  6,  making  6B5'  equal  to  90**. 

The  cut  of  the  lines  A  B  and  B  C  at  C  is  not  well  pronounced, 
and  the  angle  AGB  is  'ill-conditioned';  this  method  of  con- 
structing the  triangle  is  therefore  not  good. 
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CHAPTER  X. 
FIXING. 

156.  Definitions  of  Bxpreesions  'Fixing,'  *To  Fix/  *a 
Fix.' — *  To  fix/  or  *  a  fix/  is  the  intersection  of  two  lines  or  of  two 
arcs  at  a  point,  but  includes  also  the  series  of  angles  taken  at  or  to 
a  position,  afloat  or  on  shore,  which  will  determine  that  position  ; 
such  a  spot  is  known  as  'fixed'  (see  Plotting,  p.  198). 

*  A  fix '  by  the  intersection  of  arcs  of  circles,  is  either  plotted 
with  a  station  pointer  (see  Station  Pointer ,  pars.  170,  187)  or  with 
tracing-paper;  or  *a  fix'  by  the  intersection  of  straight  lines, 
may  be  plotted  by  one  direct  line  of  reference,  and  a  line  obtained 
from  a  *  calculated  angle '  (see  further  on,  under  Plotting), 

166.  Method  of  Writing  down  a  Station  Pointer  Fix. — 

*  Fixing '  by  station  pointer  is  written  down  thus : — 

C  63  40  B  52  10  A; 

or  "  Hill  (500)  41  43  Summit  Lloyd,  27  50  Summit  Right  Lloyd  " 
(see  fig.  36  B).  These  are  station  pointer  *  fixes ' ;  in  the  first  one, 
A  being  the  right  object,  B  in  the  centre,  and  C  to  the  left,  their 
relative  positions  being  as  they  are  written  down. 

167.  Tracing-paper  Fix. — 

is  a  fix  for  use  with  tracing-paper.  The 
angles  are  projected  with  a  protractor  from 
an  initial  line  A ;  taking  care  that  each  angle 
is  pricked  off  without  shifting  the  protractor 
from  the  position  in  which  it  is  once  put 
down. 

When  the  lines  are  drawn,  and  labelled,  they  will  serve  as  a 
station  pointer  with  six  legs ;  and  each  line  must  pass  through 
the  object  indicated  by  the  angle. 

168.  To   *Fix'  an    Object    by    *  Shooting   it    up.'— To 

*  shoot  up'  an  object  is  to  take  an  angle  at  the  'fix'  of  the 
observer,  between  a  mark  already  determined  and  the  unfixed 
object. 
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And,  when  an  object  is  '  shot  up '  from  three  or  more  fixes,  its 
position  is  said  to  be  '  fixed '  by  direct  angles  or  direct  shots. 

NoTB. — The  intersection  of  two  lines  fixes  an  object ;  the  third 
line  is  a  '  check '  (see  par.  159). 

'  Shooting  up '  a  number  of  objects  from  two  fixes  will  appear 
thus : — 

(This  is  the  fix  of  the  first  position  on  the  chart  stated,  from 
whence  a  number  of  objects  which  follow  were  'shot  up.') 

Hill  (96)  10  20  a  hillock. 

33  40  hof  a  house  )  his  the  left  edge. 

34  10  H        „         J   H  is  the  right  edge. 

Hill  (96)  is  a  summit,  the  position  of  which  is  marked  on  the 
chart ;  the  other  objects  being  '  shot  up '  from  and  to  the  right 
of  it,  since  they  are  written  down  on  the  right. 

With  the  angles  necessary  to  *  fix '  placed  on  a  station  pointer, 
or  plotted  on  a  piece  of  tracing-paper,  the  observer's  position  is 
determined  (see  Station  Pointer^  p.  67). 

A  line  is  drawn  joining  this  position  with  hill  (96)  (this  is 
known  as  the  zero  for  the  angles  that  follow) ;  and,  placing  the 
base  line  of  the  protractor  along  this  line,  the  centre  being  over 
the  fix,  a  mark  is  made  with  a  needle-point  pricker  on  the  paper, 
at  the  edge  of  the  protractor,  where  each  angle  is  indicated ;  and 
each  angle  is  projected  as  explained  under  Protractor^  Chapter  IX. 

At  the  next  fix  it  is  found  more  convenient  or  more  accurate 
to  use  a  different  zero  (see  par.  136) — abbreviated  -^.. 

Castle  40  36  Beacon  50  52  Abbey. 
H  House    63  40     „ 
h       „       65  60 


Hillock  66  20 


91 


» 


The  first  line  of  angles  is  the  'fix,'  and  those  that  follow  are 
all  with  Abbey  as -A-;  these  arc  projected  from  the  line  joining 
Abbey  and  the  fix,  and  to  the  left  of  Abbey ;  where  the  lines  from 
the  first  fix  intersect  each  one  of  these  through  the  same  objects, 
is  the  apparent  position  of  the  objects  '  shot  up.' 

159.  Use  of  *  Check.' — So  far,  there  is  no  certainty  that  either 
of  the  fixing  angles  is  correct,  or  that  there  has  not  been  some 
mistake  in  the  identity  of  the  objects  used  in  fixing. 

If  the  angles  at  the  fix  are  taken  wrong,  the  station  pointer  will 
still  give  a  definite  position  ;  and  if  the  objects  used  are  not  those 
you  think  they  are,  the  station  pointer  will  still  give  a  definite 
position  when  the  legs  are  over  the  correct  objects. 
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And  from  any  two  definite  positions,  though  they  may  be  com- 
pletely in  error,  two  lines  projected  will  intersect  somewhere. 

To  overcome  the  case  of  using  wrong  objects,  if  there  is  any 
doubt  as  to  their  identity,  it  is  better  to  take  a  check  angle  to  a 
fourth  object ;  and  when  the  position  of  the  fix  is  obtained  by  the 
two  angles  between  three  objects,  adjust  the  station  pointer  angle 
for  that  observed  to  the  fourth  object  without  moving  the  centre 
of  the  instrument. 

If,  then,  from  the  fix  found,  the  third  angle  goes  through  the 
object  used  as  a  check,  the  position  is  probably  correct. 

Supposing  the  objects  to  be  the  correct  ones,  there  remains  the 
errors  incidental  to  observing  the  'fixing'  angles,  which  will 
produce  an  error  of  position  (see  Station  Pointer,  Chapter  XII.). 

From  these  erroneous  positions,  the  angles  projected  to  the 
same  object  will  intersect  somewhere,  although  at  either  or  both 
positions  the  angle  may  be  in  error  (see  further  on) ;  the  error 
may  be  a  gross  one  or  merely  an  error  incidental  to  observing. 

Thus  it  will  be  necessary  that  there  shall  be  a  'check,'  and 
this  check  is  derived  from  a  third  'fix.' 

The  observer  then  '  fixes '  a  third  position,  and  again  '  shoots 
up '  the  same  objects. 

160.  Errors  in  '  Fixing '  and '  Shooting  up '  and '  Cocked 
Hats/— Now  if— 

(1)  the  positions  of  the  originally  fixed  objects  used  to  'fix' 

by  are  correct ;  ^ 

(2)  the  observer  does  not  shift  his  position,  and  the  fixing 

angles  are  correct  to  the  nearest  minute ; 

(3)  the  station  pointer  is  perfect ; 

(4)  the  objects  'shot  up'  are  sharply  defined  and  the  same 
spot  in  the  object  is  taken  from  all  three  fixes ; 

the  '  shooting  up '  angle  is  correct  to  the  nearest  minute  ; 
and  the  angle  projected  from  the  fix  is  set  off  by  chords  to 
the  nearest  minute' : 
then  the  intersection  of  the  three  lines  from  the  three  fixes  will 
cut  exactly. 

In  practice,  not  one  of  the  above  conditions  exists ;  hence  the 
intersecting  lines  will  form  a  triangle  of  varying  dimensions. 

This  triangle  is  technically  known  as 
a  'cocked  hat,'  and  there  are  three  posi- 
tions defined  (see  fig.  44). 
n\^^^       I  '*'         If  {!)  the  same  three  objects  have  been 

used  to  fix  with,  and  each  '  fix '  is  equally 
Fio744.  good,  and  from  each  fix  the  best  zero 

is  used  to  *  shoot  up '  from  (see  App.  II.), 

^  Every  published  chart,  in  the  process  of  engraving,  is  more  or  less  dis- 
torted, ana  it  must  not  be  expected  that  the  objects  thereon  are  in  their  exact 
positions. 


FIXING.  63 

and  each  projected  angle  is  laid  off  by  the  length  of  its  chord, 
with  a  suitable-sized  radius^  from  each  fix,  then  the  area  of  the 
'cocked  hat'  represents  the  errors  of  observing,  and  the  centre 
of  the  inscribed  circle  is,  under  the  conditions,  the  probable 
position  of  the  object. 

If  the  angles  are  not  chorded,  the  value  of  any  one  position 
plotted  from  two  fixes,  will  depend  upon  the  receiving  angle  at 
that  position,  and  the  length  of  the  lines  projected  through  it 
from  each  fix  (see  par.  183).  In  fact,  each  line  drawn  will  have  a 
value — the  shorter  they  are  the  better ;  and  the  combination  of 
any  two  lines  will  have  a  value — the  nearer  90**  they  cut  the 
better,  i,e,,  the  nearer  to  90"*  is  the  receiving  angle  at  the  point 
desired  to  *  fix'  (see  p.  78,  par.  183). 

The  usual  conditions,  however,  which  call  for  this  method  of 
fixing  an  object,  do  not  call  for  straining  at  accuracy. 

They  are  adopted  either  in  the  case  of  a  ship  at  anchor,  or 
even  with  weigh  on,  when  'shooting  up'  some  large  object  on 
the  shore,  either  practically  inaccessible,  such  as,  for  instance,  a 
church  steeple,  a  monument,  a  building  or  summit,  or  a  weather 
shore ;  or  absence  of  landing ;  or  inaccessible  because  it  may  be 
otherwise  inadvisable  (for  further  explanation  of  this  see  par.  579) ; 
or  in  boat  work,  where  the  objects  or  things  '  shot  up '  have  no 
defined  point. 

For  the  third  method  of  '  shooting  up '  an  object  and  fixing  it 
by  calculated  angles,  see  Plotting^  p.  203. 


CHAPTER  XI. 
STATION   POINTER. 

161.  Description  of  Station  Pointer. — A  station  pointer 
consists  of  three  flat  metal  legs,  one  side  being  bevelled  or 
chamfered,  pivoting  from  a  common  centre. 

To  enable  either  leg  to  be  placed  at  an  angle  with  the  other, 
a  circular  plate  graduated  to  degrees  and  tens  of  minutes,  the 
centre  of  which  should  coincide  with  the  pivoting  centre  of  the  legs, 
is  affixed  to  the  middle  leg  of  the  three ;  leaving  the  other  two 
free  to  revolve,  and  enabling  them  to  be  set  at  any  angle  with 
the  middle  one. 

Where  the  graduated  circle  meets  the  movable  legs  there  is  a 
clamp  and  a  tightening  screw  attached  to  each  leg  so  that  it  can 
be  set  to  any  angle  desired,  as  indicated  by  the  position  of  an 
index  mark. 

Those  instruments  that  are  used  for  navigational  purposes 
have  merely  an  index  mark,  which  is  in  line  with  the  bevelled 
side  of  the  leg ;  and  the  arc  is  graduated  to  10'. 

An  angle,  then,  can  be  *set  off'  to  the  nearest  10',  or  approxi- 
mately 5',  of  arc,  which  is  sufficiently  accurate  for  navigation 
(see  Fixing^  p.  69,  par.  173). 

162.  Degrees  of  Accuracy  in  Setting  Station  Pointer. — 
But  in  a  station  pointer  used  for  work  calling  for  consideration  of 
the  nearest  minute  of  arc,  there  is  a  vernier,  which,  as  in  the  case 
of  a  sextant  vernier,  enables  the  angle  to  be  read  off  to  the  nearest 
minute. 

This  vernier  is  secured  to  the  leg  by  two  screws  set  in  elliptical 
holes. 

163.  Testing. — A  testing  sheet  may  be  made  by  chording  a 
number  of  angles  at  every  10**,  with  a  radius  sufficiently  long  to 
reach  almost  to  the  end  of  the  legs :  10  or  12  inches,  for  example. 

Placing  the  middle  leg  over  the  0",  from  whence  the  angles  are 
chorded,  each  leg  in  turn  can  be  placed  over  the  lines  on  the 
testing  sheet ;  and  should  the  reading  of  the  index  not  be  the 
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same  as  that  on  which  the  leg  is  placed,  the  position  of  the  index 
is  in  error ;  and  since  the  holes  which  secure  it  are  elliptical,  the 
index  can  be  moved.     (See  par.  167.) 

164.  Centring  Brror. — The  station  pointer  is,  however, 
subject  to  considerable  centring  error;  the  centre  from  which 
the  legs  revolve  not  always  coinciding  with  the  centre  of  the  B,tc 
as  placed. 

The  error  of  reading  in  such  a  case,  when  it  is  0  at  0"  and 
180**,  will  uniformly  reach  a  maximum  ±  at  90*. 

165.  To  ascertain  the  Existence  of  Centring  Error. — 
Place  an  angle  of  90*  by  the  arc  reading  on  each  leg ;  then  draw 
a  line  along  the  edge  of  both,  through  the  centre  of  the  station 
pointer.  Draw  a  line  along  the  bevelled  edge  of  the  middle  leg, 
so  that  it  shall  extend  through  the  centre  of  the  instrument^  and 
be  prolonged  through  the  180*  graduation;  the  intersection  of 
this  line  with  that  joining  the  legs  set  at  90*,  gives  the  correct 
centre  of  the  arc.  Any  error  of  this  kind  could  not  be  adjusted 
by  moving  the  vernier. 

166.  'SrroT  in  Graduations. — But  the  instrument  has  a 
regular,  or  irregular,  error  in  the  graduations  also;  or  also  an 
error  in  the  position  of  the  index  (0*)  at  the  centre  leg,  in  which 
case  the  error  is  constant  for  all  readings ;  and  the  combination 
of  the  centring  with  these  errors  will  sometimes  produce  variable 
total  errors  for  each  10*  of  reading,  such  as  +5'  at  10*  and 
-  2'  at  20'. 

167.  Adjusting  Station  Pointer. — It  is  only  that  part  of 
the  whole  error  which  is  common  to  all  the  readings  that  can  be 
removed  by  shifting  the  index  of  the  vernier. 

For  instance,  if  the  error  at  10*  is  10'  + 

20*  is  12'  + 
and  so  on,  uniformly  increasing  or  decreasing,  while   the  sign 
remains  the  same,  the  least  +  reading  can  be  removed  from  all, 
by  shifting  the  index ;  but  if  the  signs  are  different  there  is  no 
remedy. 

168.  Error  Supplied  on  the  Lid  of  Box. — The  instrument 
is  easily  strained  if  badly  handled ;  hence  the  error  supplied  on 
the  lid  of  the  box  is  not  necessarily  the  permanent  error. 

It  should  therefore  be  frequently  tested  on  the  test  sheet. 

160.  Extension  Legs. — There  are  extension  legs  some- 
times supplied  in  station  pointer  boxes ;  they  are  joints,  and  can 
be  '  shipped  *  when  necessary. 

Each  joint  has  projecting  sockets  which  fit  into  corresponding 
holes  in  the  legs ;  and  there  is  a  mill-headed  screw  to  increase 
the  rigidity. 

Each  joint  has  one  or  two  indentations  punched  on  it,  and  the 
leg  on  which  each  fits  has  similar  marks,  so  that  a  joint  will  only 
fit  a  particular  leg. 
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Station  pointers  should  never  be  held  by  the  legs  beyond 
the  graduated  arc ;  and  care  and  practice  is  required  in  replacing 
them  in  their  box. 

170.  Theory  of  Station  Pointer. — If  the  horizontal  angle 
be  measured  between  any  two  objects,  then  the  observer  must  be 
on  a  segment  of  a  circle  which  can  be  described  through  the  two 
objects  and  himself. 

Let  A,  B)  be  any  two  objects.  Suppose  an  observer  0  finds  the 
angle  between  A  and  B  =  40*. 

Then,  if  A^  B,  and  0  are  on  the  segment  of  the  same  circle,  and 
at  0,  anywhere  on  the  circumference,  the  angle  between  A  and  B 
is  40*,  then  the  angle  at  the  centre  of  that  circle  will  be  80*. 


Fio.  45. 

The  angle  at  the  centre  of  a  circle  =  twice  the  angle  at  the 
circumference  when  both  angles  stand  in  the  same  arc. 
Let  C  be  the  centre  of  the  circle. 

Then  ACB  =  80*,  and  ACB=180*-(CAB  +  CBA). 
But  since  CA  =  CB,  then  C AB  =  CBA, 
andACB=180*-2CABor  2CBA. 
.-.  2  C AB  =  180* -  ACB- 180* - 80*  =  100*. 
.  •.     C  A  B  =  50* :  50*  =  90*  -  40*  (the  observed  angle). 

At  A  lay  off  from  A  B  an  angle  B  A  C  =  90*  -  observed  angle 
(A  0  B) ;  at  B  lay  off  the  same  angle  ABC. 

The  lines  will  intersect  at  C ;  and  C  is  the  centre  of  a  circle 
the  circumference  of  which  goes  through  A,  B^  and  0 ;  the  angle 
A  C  B  =  80*,  and  the  angle  A  0  B  =  40*. 

If  the  angle  observed  at  0  is  >  90*,  then  from  each  end  of  the 
line  A  B  (fig.  46)  lay  off  an  angle  =  observed  angle  -  90*,  on  the 
opposite  side  to  0. 

LetAOB=122*. 
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Now  the  sum  of  the  angles  standing  on  arc  A  O  B  and  on  arc 
A  X  B  =  1 80\  If  the  angle  A  O  B  on  arc  A  O  B  =  1 22",  then  the 
angle  standing  on  arc  A  X  B  =  180'  -  122**  =  68' ; 

and,  as  before,  A  C  B  =  116", 
and  BAC  =  ABC=l?^^ii:^  =  32- 

=  122"  -  90"  (the  observed  angle  -  90"). 

Therefore  at  A  (fig.  46),  on  the  further  side  of  AB  from  O, 
lay  off  BAC  =  32",  and  the  same  angle  ABC  at  B. 

They  intersect  at  C;  and  C  is  the  centre  of  a  circle  whose 
circumference  goes  through  A  B  and  0,  where  A  O B=  122*. 

171.  The  fact  then  is  deduced  that,  if  an  observer  measures  I 
the  horizontal  angle  between  any  two  fixed  objects  A  and  B,  the  I 
circle  can  be  described  which  will  go  through  the  three  places  I 
A,  B,  and  O.  I 

A  and  B  are  fixed  points  on  the  arc,  and  O  is  anywhere  along 
the  circumference  A  0  B. 

If  the  observed  angle  A  O  B  is  set  off  on  either  leg  of  a  station 
pointer,  and  the  two  legs  measuring  the  angle  are  placed  so 
that  the  bevelled  edge  of  the  one  goes  through  A,  and  of  the 
other  through  B,  then  the  centre  of  the  instrument  which 
represents  the  position  of  the  observer  will  be  anywhere  along 
the  arc  A  0  B ;  this  demonstrates  practically  that  ^  all  the  angles 
in  the  same  segment  of  a  circle  are  equal ' :  if  through  A  B  the 
portion  A  0  B  were  cut  off  the  circle,  then  A  0  B  is  a  segment  of  a 
circle. 

This  segment  AOB  is  defined  as  an  'arc  of  position,'  along 
any  part  of  which  0  may  be  (see  note  '  Danger  Angle.' 

NoTB. — Horizontal  Danger  Angle. — Conversely,  at  a  definite 
position  0,  the  angle  subtended  between  two  points  A  and  B  on  a 
chart,  can  be  measured ;  and  so  long  as  this  angle  remains  the 
same,  the  observer  will  be  on  the  arc  AOB;  if  he  approaches  C 
(the  centre  of  the  circle  drawn  through  A  B),  the  subtended  angle 
will  increase,  while  if  he  recedes  from  C  the  angle  will  decrease. 

With  the  knowledge  of  this  fact,  a  circle  of  any  radius  can  be 
drawn,  whose  circumference  will  fall  a  definite  distance  clear  of 
a  known  danger,  and  along  any  portion  of  a  segment  of  which 
the  angle  between  two  selected  objects  will  remain  constant. 

The  best  position  of  the  centre  of  the  circle  is  anywhere  along 
a  line  drawn  at  right  angles  to  the  observer's  course,  and  through 
the  danger ;  and  the  length  of  the  radius  merely  depends  upon 
what  two  '  fixed,'  well-defined  objects  can  together  be  involved  on 
the  circumference. 

If  another  angle — say  50* — is  taken  at  0  between  B  and  an 
object  C  to  the  right  of  it^  this  will  produce  a  second  'arc  of 
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position'  BOC,  also  along  any  part  of  which  0  may  be;  and 
since  these  arcs  intersect  at  0,  this  must  be  the  position  of  the 
observer,  for  it  fulfils  the  conditions  that  O  is  on  both  arcs. 

The  '  fix '  is  written  A  40  B  50  C ;  B  being  the  middle  object, 
and,  viewed  from  0,  A  is  to  the  left  and  C  to  the  right  of  it. 

It  would  be  pos- 
sible to  draw  each 
circle  in  the  manner 
described,  but  the 
station  pointer  saves 
us  this  trouble. 
, ''  For  if  the  left  and 
/  middle  leg  pass  over 
A  and  B  respectively, 
they  provide  the  arc 
A  O  B ;  similarly,  the 
middle  and  right  leg 
give  the  arc  BOC; 
and  if  the  left, 
middle,  and  right  legs  pass  through  A,  B,  and  C  respectively,  ue, 
the  left,  middle,  and  right  objects  as  viewed  from  the  observer's 
position,  the  centre  of  the  instrument  gives  the  position  of  the 
intersection  of  the  arcs  and  also  of  the  observer. 

There  is  besides  A  0  B  and  B  0  C  a  third  circle,  shown  in  dotted 
line,  fig.  47,  which  in  this  case  is  *  derived '  from  the  sum  of  two 
angles  observed ;  each  angle  in  this 
case  being  measured  from  the 
middle  object,  and  A  0  C  being  the 
sum  of  the  two. 

In  fig.  48  the  whdU  angle  A  O  C 
is  measured,  followed  by  one  of  the 
others,    in    this   case    A  OB;    the 

observation  being        gQo  ^  \ ,  then 

from  the  ends  of  the  line  A  C,  t.e. 
fromAand  C,  layoff  10'(100*  -  90') 
on  the  opposite  side  to  O  (see 
par.  170);  at  the  intersection  of 
these  lines  will  be  the  centre  C* 
of  a  circle  going  through  A,  C,  and  0. 

From  the  ends  of  the  line  A  B  lay  off  30*  (90  -  60')  on  the 
side  towards  0 ;  and  C^,  the  centre  of  a  circle,  will  be  found,  the 
circumference  of  which  goes  through  A,  B,  and  0.  At  the  inter- 
section of  the  two  circles  drawn  from  each  of  these  centres  C*  and  C^ 
will  be  the  position  of  O,  found  from  A  100*  C  and  A  60*  B. 

The  dotted  circle  is  a  third  circle  which  is  derived  from  the 
difference  between  100*  (the  whole  angle),  and  60*  (the  left  angle ;  in 
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this  case  ^  40"*) ;  it  is  in  no  way  a  check  on  the  accuracy  of  the 
observed  angles,  though  in  actually  drawing  the  derived  circle  it 
would  be  a  check  on  any  error  of  construction  in  the  other  two. 

The  facility  and  rapidity  in  taking  the  angles  nearly  simul- 
taneously, in  setting  them  quickly,  and  in  fixing  a  ship's  or  a 
boat's  position  is  one  of  the  main  advantages  of  fixing  by  angles 
and  station  pointer. 

172.  In  fixing  by  the  station  pointer  there  are  certain  relative 
positions  of  objects  A,  B,  C  with  0  which  give  better  results  than 
others.  For  a  good  fix,  similar  conditions  to  those  used  in  fixing 
by  the  intersection  of  lines  of  position,  are  necessary ;  they  depend 
upon  the  angles  at  which  the  circles  intersect,  the  dimensions  of 
the  observed  angles,  and  the  distances  of  the  objects  from  the 
observer. 

In  the  best  cases,  an  '  error  of  observation '  makes  a  small  con- 
sequent error  of  position. 

Errors  of  observation  are  here  intended  to  include  all  the  errors 
incidental  to  fixing  by  station  pointer  (see  pars.  187  to  190). 

For  any  given  error  in  the  observed  angles  only,  from  which 
the  circles  can  be  drawn,  the  corresponding  error  in  the  position 
of  the  observer  is  a  minimum  where  these  circles  cut  each  other 
at  right  angles.  But  other  conditions  are  involved  besides  this 
error  in  the  observed  angles;  and,  tnthout  exception,  thai  fix 
which  is  readily  fotmd,  that  t«,  easy  and  quick  to  plot  with  the 
station  pointers,  is  a  good  fix.  The  best  is  therefore  the  easiest ; 
for  it  exhibits  not  only  the  fact  that  the  cut  or  intersection  of 
the  circles  is  nearly  at  right  angles,  but  also  that  the  positions 
of  the  objects  are  so  situated  both  in  size  of  angle,  and  in  distance, 
that  a  small  displacement  of  the  centre  of  the  station  pointer, 
will  make  a  large  or  larger  movement  of  either,  or  both  legs,  at 
the  position  of  the  objects,  or,  in  other  words,  that  an  '  error  of 
observation '  makes  the  least  corresponding  error  in  the  position 

of  the  observer.  This  fact  that  ajLafiflttlud&itsyUQUL^E&SliL 
■fijLia-Xery  important,  and  in  the  knowledge  of  it  lies  tne  wnole 
crux  ofthe  matter,  as  well  as  the  only  tangible  foundation  on 
which  one  can  learn  to  distinguish  between  inferior  and  good 
fixes.  Constant  familiarity  of  testing  a  fix  by  this  means,  is  the 
only  possible  manner  of  eventually  learning  which  objects  to 
choose. 

173.  Rapidity  of  Fixing  with  Station  Pointer  an 
Advantage,  and  Setting  the  Angles. — When  navigating,  a 
vessel  *  fixes '  while  under  weigh,  and  the  angles  are  not  usually 
taken  simultaneously;  also,  the  errors  from  all  sources  in  the 
angles  observed  are  large,  and,  since  it  is  not  then  material  to 
within  a  diameter  of  400  or  500  yards  where  the  true  position  of 
the  ship  is,  the  station  pointer  need  not  be,  and  is  not,  set  with 
too  great  deliberation. 
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A  navigating  station  pointer  is,  for  this  reason,  without  a 
yemier,  while  measuring  to  the  nearest  10'  of  arc  suffices. 

174.  But  judgment  is  required  in  the  selection  of  the  best 
objects,  with  a  view  to  reducing  to  a  minimum  the  error  of 
position  due  to  an  *  error  of  observation.' 

176.  Bight  and  Left  Station  Pointers  and  Using  the 
Pointers. — The  index  at  the  middle  leg,  the  zero  of  the  angles, 
is  in  line  with  the  bevelled  side;  and  on  that  side  where  the 
bevelled  edge  of  the  movable  leg  meets  it,  an  angle  can  be  set  off 
to  the  smallest  dimensions. 

Owing  to  the  width  of  the  middle  leg,  the  square  side  of  it  will 
be  some  distance  from  the  zero.  This  varies  in  different  instru- 
ments from  2**  to  li*"  or  15^ ;  therefore,  on  that  side,  the  smallest 
angle  that  can  be  set  off  will  be  limited  by  this  widths 

The  bevelled  edge  of  the  middle  leg  may  be  on  either  side  of 
it :  if  to  the  right,  then  the  left  leg  cannot  be  set  to  the  minimum 
angle ;  if  to  the  left,  it  is  the  right  leg  that  cannot  be  so  set ; 
and  station  pointers  are  known  as  left  or  right j  according  as  the 
least  angle  can  be  set  off  on  the  left  or  right  leg. 

There  are  occasions,  then,  when  one  of  the  angles  observed,  if 
inside  the  limit  stated,  cannot  be  placed  on  a  particular  pointer ; 
and  the  possessor  of  that  instrument  should  be  aware  of  this 
before  he  takes  the  angles ;  for,  in  that  case  he  had  better  adapt 
his  angles  to  the  station  pointer. 

176.  Reversing  the  Legs  when  the  Angle  cannot  be 
'  Set  off.' — It  may  still  be  possible,  however,  by  changing  the 
name  of  the  legs,  to  put  the  angle  on. 

For  example,  A  10  B  100  C. 

It  is  found  impossible  to  put  10**  on  the  left  leg ;  the  right  side 
of  the  middle  leg  must  then  be  the  bevelled  one. 

In  this  case,  call  the  right  leg  the  middle  one ;  lay  off  on  that 
side  10*,  and  use  the  instrument  with  the  middle  as  left,  right  as 
middle,  and  turn  the  left  leg  round,  setting  it  110**  from  the 
index,  that  is,  100**  from  what  is  now  the  middle  leg.  In  this 
operation,  the  position  of  the  vernier  is  reversed,  and  will  have  to 
be  read  from  left  to  right  (see  par.  82). 

177.  Limits  to  the  Method  of  Reversing  the  Legs. — 
There  are  limits  to  this  method,  because  the  tangent  screws  of 
the  movable  legs  abutting  will  not  allow  of  a  nearer  approach  of 
the  indices  than  about  80°. 

178  Fixing  at  the  Back  of  the  Paper  when  Other 
Means  Fail. — There  is  yet  another  method  of  overcoming  the 
difficulty,  though  it  is  not  always  practicable. 

Given  the  same  fix  A  10  B  100  C,  and  that  the  left  angle  cannot 
be  set  on  the  station  pointer,  owing  to  the  reason  given  above. 

Prick  through  to  the  back  of  the  chart,  or  paper,  the  positions 
A,  B,  C ;  turn  the  paper  face  downwards  and  mark  A,  B,  C. 
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Place  the  angles  on  the  pointer  in  reversed  order,  that  is, 
100*  ^on  the  left,  and  10**  on  the  right  leg,  and  fix  the  position 
with  the  objects  as  shown  on  the  back  of  the  paper ;  prick  this 
position  through  the  paper  on  to  its  front. 

179.  Fixing  with  Tra>ciDg-paper. — Failing  this,  recourse 
must  be  had  to  tracing-paper. 

In  a  ship  with  a  well-found,  roomy,  and  sheltered  chart-house 
this  is  easy  enough,  though  errors  in  projecting  lines  and  angles 
with  a  protractor  are  introduced ;  but  in  a  place  exposed  to  wind, 
and  when  space  is  limited,  tracing-paper  does  not  commend  itself. 

In  most  cases,  then,  it  is  better  to  adapt  the  angles  to  the 
station  pointer. 

Fixing  with  the  use  of  tracing-paper  is  unavoidable  in  the  case 
where  more  than  three  angles  are  required  to  fix  by ;  this  arises 
when  three  objects,  by  themselves,  are  in  such  bad  positions  that 
they  would  give  a  fix  that  cannot  be  admitted,  or  that  would  be 
doubtful. 

'Set  off'  the  angles  thereon  from  a  common  zero  line,  and 
use  the  lines  so  drawn,  just  as  is  done  with  the  legs  of  a  station 
pointer  (see  par.  157). 

180.  Angles  taken  Simultaneously.  —  Where  accurate 
fixing  is  required,  and  this  is  especially  the  case  in  large-scale 
plans,  the  angles  must  be  taken  simultaneously,  and  set  on  the 
station  pointer  with  all  the  accuracy  possible. 

181.  To  Use  the  Station  Pointer. — Set  off  on  each  leg  the 
angles  as  observed. 

In  the  fix  A  40  B  50  C  the  angle  between  A  and  B  is  known 
as  the  *  left  angle ' ;  that  between  B  and  C,  the  *  right  angle,'  or 
'angle  on  the  right.' 

Place  the  three  legs  with  their  bevelled  edges  over  the  objects, 
the  objects  being  marked  with  a  small  dot,  and  the  leg  should  go 
through  the  centre  of  this  dot ;  the  centre  of  the  instrument  is 
then  the  position  of  the  observer. 

182.  There  are  two  methods  practisedj  in  handling  the  station 
pointer,  for  sliding  the  legs  over  the  objects. 

One  is  to  place  the  pricker  through  the  middle  object,  and  hold 
it  there  with  the  left  hand. 

The  right  hand,  holding  the  pointer  by  the  arc,  manipulates 
the  right  and  left  leg,  keeping  the  middle  one  pressed  against  the 
pricker,  so  that  he  may  slide  the  instrument  backwards  or  for- 
wards, and  turn  it  as  well ;  the  eye  in  this  case  travels  from  the 
right  to  the  left  leg. 

The  other  method  is  to  place  the  pricker  through  the  left 
object^  or,  better  still,  hold  it  there  loosely  with  the  forefinger 
and  thumb  t)f  the  left  hand,  allowing  the  leg  to  pivot,  as  well  as 
to  slide,  through  the  fingers;  bearing  against  that  or  them, 
manipulate  the  centre  and  right  leg.      In  this  method  the  eye 
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has  not  to  travel  so  far  from  one  object  to  the  other,  and  it  may 
therefore  be  the  more  expeditious  way  of  using  the  instrument : 
there  is,  however,  the  very  necessary  caution  that  the  left  leg 
must  be  firmly  clamped  to  the  instrument. 

There  are  six  possible  ways  of  rapidly  manipulating  the  station 
pointer,  allowing  a  margin  for  probable  errors : — 

1.  Pivot  from  the 
middle  and  left  leg,  i,e, 
from  centre  C^  (fig.  49), 
and  slide  the  right  leg 
over  R ;  the  centre  of 
the  pointer  approaches 
from  1  towards  O. 

2.  Pivot  from  the 
middle  and  right,  i.e. 
from  centre  C^,  and  slide 
on  to  the  left  object ;  the 

Fig.  49.  centre    moving    from    2 

towards  O. 

3.  Pivot  from  left  and  right  object,  i,e,  from  centre  C^  and 
slide  the  middle  leg  over,  as,  for  instance,  from  3  towards  0 ; 
LOR  being  the  *  derived'  circle  in  all  cases.  In  this,  the  only, 
case  the  station  pointer  fixes  from  the  whole  angle  or  circle  LOR 
and  one  of  the  others. 

4.  Pivot  from  the  left  leg  only,  slightly  extending  the  length 
of  pivot  C^  O  on  the  circle 

L  0  M,  then  approach 
circle  ROM;  the  move- 
ment of  the  centre  is 
from  4  towards  0  (fig. 
50),  and  is  almost  iden- 
tical with  1  towards  O. 

5.  Pivot  from  the 
right  leg  only,  on  an 
extended  radius  of  the 
circle  ROM;  the  move- 
ment of  the  centre  will 
be  from  5  towards  0.  Fio.  60. 

6.  Pivot     from     the 

middle  leg  only  on  an  extended  radius  from  tSie  third  circle,  and 
approach  either  one  of  the  others ;  the  movement  of  the  centre  is 
from  6  (fig.  50)  towards  the  centre  of  the  third  circle. 

If  there  is  no  systematic  way  of  handling  the  instrument,  and 
the  fix  is  plotted  at  leisure  in  a  room  on  shore,  the  movement  of 
the  centre  is  a  mixture  of  all  the  movements  1,  2,  3,  4,  5,  and  6 
towards  0,  and  the  value  of  the  fix  practically  depends  upon  the 
accuracy  of  the  angles. 
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In  practice  when  *  fixing '  is  rapidly  carried  out,  left  and  right 
combined  (3)  is  never  used,  and  will  consequently  be  left  out  of 
the  discussion. 

1  (Middle  and  left)  and  4  (left  only).  If  the  distance  of 
approach  from.  1  or  4  towards  O  is  small,  these  are  practically 
the  same  thing;  for  when  using  4  (the  left  only),  the  middle 
leg  is  usually  placed  over  the  object  before  any  attempt  is  made 
to  place  the  right  leg ;  immediately  this  is  done,  1  and  4  com- 
bine. The  same  remarks  apply  to  2  (middle  and  right)  and  5 
(right  only)  if  there  are  any  left-handed  people  who  would  use 
the  pointer  so.  They  will  be  left  out  of  the  discussion;  their 
case  being  the  same  as  1  and  4.  The  angle  of  approach  of 
1  towards  0,  represented  by  1  0  2  (fig.  49),  will  depend  upon  the 
cut  of  the  right  and  left  circles ;  and  the  angle  of  approach  of 
6  towards  0  will  depend  upon  the  cut  of  the  whole  circle  LOR 
with  either  one  of  the  others,  whichever  one  the  instrument  is 
inclined  towards  (see  small  dotted  arc  from  6) ;  for  instance, 
from  6  towards  0  might  intersect  1  to  0  or  2  to  0,  and  will 
without  doubt  at  some  period  affiliate  with  one  or  the  other ;  but 
1  to  0  will  only  use  2  to  O  in  deciding  the  position  of  O. 

Seeing,  then,  that  a  station  pointer  rapid  *  fix '  is  contained  by 
only  two  cuts  of  the  arcs  of  circles,  the  question  arises,  Which 
two  circles  shall  be  taken  ? 

With  the  infinite  number,  and  sizes,  of  circles  that  can  be  made 
to  cut  each  other  at  an  infinite  number  of  angles,  it  arises  that 
perhaps  the  left  and  right  circles  cut  each  other  at  the  best 
angle,  i.e.  that  nearest  to  90* ;  while  again  it  is  the  third  (here 
the  derived  circle)  that  cuts  either  one  of  the  other  two  at  the 
best  angle  (see  figs.  49  and  50) ;  L  0  R  with  M  0  R  is  the  best ;  but 
this  third  circle  is  not  used,  except  by  method  3  (left  and  right 
legs),  so  the  determination  of  O  as  regards  the  angle  of  cut, 
depends,  in  practice,  entirely  on  the  left  and  right  circles. 

As  regards  the  movement  of  the  legs  for  a  small  displacement 
of  the  centre. 


Fio.  51. 


Let  C^  (fig.  51)  be  the  centre  of  the  left  circle,  C^O  the  radius 
on  which  left  and  middle  legs  pivot.  If  the  centre  of  the  station 
pointer  is  moved  from  1  towards  0,  the  right  leg  moves  from  R^ 
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to  R  ;  and  the  greater  the  distance  of  R  the  more  will  the  move- 
ment of  1  to  0  indicate. 

Hence,  if  pivoting  from  a  short  radius  C^O,  the  movement  of  the 
legs  is  magnified  at  the  distant  object  R  R^ :  and,  conversely, 
pivoting  from  a  long  radius,  the  corresponding  movement  con- 
veyed to  the  shorter  is  less. 

Now  when  a  small  displacement  of  the  centre  shows  a  large 
movement  of  the  legs  at  the  object,  the  ^x  is  less  in  error  for  any 
given  error  in  the  position  of  the  leg  over  the  object,  and  is 
therefore  a  good  fix  to  adopt. 

For  example,  in  fig.  51a,  moving  the  centre  from  0  to  1,  i,e, 
pivoting  on  R,  the  distant  object,  will  make  a  movement  of  say  x 
in  the  leg  at  L ;  a;  is  shown  by  the  shaded  portion.  In  fig.  51 
the  same  amount  of  movement  of  the  centre,  but  pivoting  round 
the  smaller  circles,  will  make  a  much  larger  movement  than  x  at 


Fig.  51a. 

the  object  R,  because  C^O  in  fig.  51  is  shorter  than  C^O  in  fig.  51a, 
supposing  the  R's  in  both  figures  are  equally  distant  beyond 
the  circle  L  0  M. 

Consequently,  if  the  legs  are  pivoted  from  the  shortest  radius, 
or,  which  practically  means  the  same  thing,  through  the  nearest 
objects,  the  position  of  the  centre  is  the  more  '  sensitive '  to  any 
displacement  of  the  leg  over  the  distant  object.  In  fig.  51  the 
left  and  middle  legs,  or  what  is  practically  the  left  leg,  are  the  best 
to  pivot  from,  and  the  middle  is  the  worst.  If  the  middle  leg  were 
used,  the  centre  would  practically  incline  towards  the  right  circle 
and  eventually  coincide  with  it,  and,  when  kept  one  on  the  right 
and  the  other  on  the  middle  object,  would  be  made  to  approach 
on  that  circle,  i.e.,  the  larger,  until  it  abutted  against  the  circle 
LOM. 

Using  the  middle  leg  only,  is  then  but  an  apology  for  either 
the  left  and  middle,  or  right  and  middle. 

The  use  of  one  leg,  i.e.  left  or  right,  in  preference  to  another 
does,  without  doubt,  make  a  difference  in  the  placing  of  a  fix ;  for 
if  celerity,  combined  with  a  reasonably  probable  error,  is  indispens- 
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able  in  the  handling  of  a  station  pointer,  putting  aside  errors  in 
observed  angles,  it  is  practically  the  same  as  admitting  a  small  error 
in  the  position  of  each  object  used,  but  principally  that  one  which 
is  approached  with  the  leg  ;  in  which  case,  a  movement  of  the 
centre  should  show  the  maximum  movement  at  the  leg  where  it 
is  supposed  to  touch  the  object :  and  then  the  '  fix '  also  is  easy 
to  place :  the  position  of  objects  C,  M,  and  A  in  fig.  51a,  or 
L,  M,  R  in  fig.  51,  represent  exactly  what  an  ideal  'fix'  will  be 
at  0,  and  pivoting  with  the  left  leg. 

The  conclusion  is,  that  it  is  easier,  and  more  *  sensitive,'  to 
pivot  from  either  the  left  (practically  the  left  and  middle),  or 
from  the  right  and  middle ;  but  the  right  and  middle  combined 
is  a  left-handed  way  of  handling  the  instrument.  It  may  arise, 
however,  that  using  the  middle  leg  only,  becomes  a  substitute  for 
what  is  eventually  the  middle  and  right,  as  is  shown  in  fig.  51  ; 
and  in  most  cases,  by  using  the  middle  leg  only,  the  tendency  will 
be  for  the  centre  to  attach  itself  to  the  circumference  of  the 
greater  circle ;  therefore  it  is  usually  the  least  accurate  pivot  for 
fixing. 
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RIVED FROM  THE  INTERSECTION  OF  LINES, 
DUE  TO  AN  ERROR  OF  OBSERVATION. 

183.  Let  0  (fig.  52)  be  the  position  of  an  observer;  OX  a 
determined  line  of  reference,  or  a  line  of  position. 

Let  OC  be  a  selected   line  of  reference  from  C,  to  fix  the 

position  of  0. 

Then  C  O  X  is  the  *  receiving  angle,'  and  the  true  angle  at  0 

between  X  and  C. 

Suppose  the  observed  angle   to  be   CO^X;   then   0>   is  the 

derived  position,  and  CO^X  = 
C  0  X  +  0  C  0\  i.e.  the  observed 
angle  =  true  angle  +  0  C  O^ 

0  C  0^  is  therefore  the  *  error  of 
observation,'  and  in  consequence 
of  this  error,  0  0^  is  the  result- 
ing error  of  position  in  an  angle 
whose  dimension  is  CO^X  or 
COX  (*the  error  of  observa- 
tion' being  very  small  as  com- 
pared with  COX),  when  the 
distance  «  0  C. 

Now  if,  instead  of  using  OC 
as  a  line  of  reference  to  fix  0, 
the  line  OD  is  adopted,  DOX 
being  larger  than  COX,  but  0 D 
remaining =0C. 
Produce  C  0^  to  meet  the  circumference  of  any  circle  drawn 
through  0  and  C,  at  £. 

Join  D  E  cutting  0  X  in  0^ ;  since  0  C  £  «  0  D  £,  both  angles 
standing  on  the  arc  0£,  and  both  being  the  error  of  observa- 
tion. 

Then  0  0^  is  the  error  of  position  due  to  the  same  error  of 
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observation  as  before,  when  the  angle  D O X  is  >  COX, 
though  OD  =  OC. 

Hence,  for  an  error  of  observation,  the  greater  the  receiving 
angle  at  0  the  less  is  the  corresponding  error  of  position  when 
the  objects  of  reference  are  equidistant  from  0. 

The  error  of  position  0 0*  =  0 C  .  sin  0 C 0^  coseo COX.  If 
the  error  of  observation  is  constant,  then  0  0^  varies  as  distance 

0  C .  cosec  COX;  and  the  greater  the  distance  the  greater  will 

0 01  be.  The  cosec  of  20'  is 29 ;  of  30',  2-0 ;  of  40%  1-3 ;  and 
of  60°,  1*1.  So  that  the  smaller  the  angle  the  greater  will  the 
value  of  the  cosec  be,  and  hence  the  greater  the  value  of  0  0^. 

Hence  the  greater  the  distance,  and  the  smaller  the  angle,  the 
greater  will  be  the  error  of  position  in  the  intersection  of  two  lines. 


Fio.  58. 


Fio.  54. 


This  is  explained  graphically  by  the  three  figures  52,  53,  54. 
In  fig.   52  the  distances  0  C  and  0  D  are  equal,  but  COX 
is  <DOX;  and 

0  0*  =  0  C .  cosec  C  0  X  .  sin  error  of  observation ; 
O  0*  =  0  D .  cosec  D  0  X  .  sin  error  of  observation ; 

...     2^^^ ^^^^^2^ ;  that  is,  001 .  002  . .  cosec  COX  ;  cosec  DOX. 
002     cosec  COX'  ' 

In  fig.  53,  case  2,  the  receiving  angle  C  0  X  is  smaller  than 
D  O  X  as  it  is  also  in  fig.  52 ;  but  the  distance  0  C  is  now  <  0  D. 

The  difibrence  between  the  error  of  positions  is  now  0^0^ 
which  is  smaller  than  O^O^  in  fig.  52.     For,  using  the  formulae 

0  01  =  0  C  cosec  C  0  X  sin  error, 
OO^-OD  coseo  DOX  sin  error, 
.-.     001-.  00*:  :0C  coseo  COX  :0D  cosec  DOX. 
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00^00     coaecCOX 
002  -  OD  •  eosec  DOX 


00 


OC 


_iB  <  unity  because  OD>OC;  in  fig.  52  ^  was  made 


=  to 


unity. 


m  fig.  52  18  >  j^^^  m  fig.  53. 


002 


002 


FinaHy,  in  case  3,  0  0^  =  0  0*. 

If  0  01  =  O  02  (fig.  54),  then  each  =  0  C  cosec  C  O  X  =  0  D  cosec 
DOX. 

If  0  C  =  J  O  D,  cosec  COX  must  =  2,  t.c,  C  0  X  =  30', 

and  cosec  DOX  must  =  1,  t.c,  DOX  must  =  90*. 

Hence,  every  line  will  have  a  plotting  value  depending  upon 
the  size  of  the  receiving  angle,  and  the  length  of  the  line. 

Any  point  can  be  taken  between  C  and  D  so  that  0  C  may  be 
of  any  proportion  to  0  D,  and  a  value  can  be  found  for  COX 
relative  to  D  0  X,  when  D  0  X  =  90*  and  0  0^  shall  =  00*;  from 
which  the  deduction  is,  that,  given  a  line  OX,  and  another  0  D 
with   reference  to   it  making  a  right  angle  at  the  point  0,  a 


cosecant  curve  can  be  evolved  which  will  represent  a  curve  of 
equivalent  errors  (O^O^)  of  position  0,  with  regard  to  the  angles 
and  proportional  distances  of  any  point  C. 

Thus  in  fig.  55  let  0  X  be  a  determined  line  of  reference.  O  D 
is  one  at  right  angles  to  it. 

184.  Arc  of  Equivalent  Distances  for  the  same  Error 
of  Position. — Bisect  O  D  at  Y.  With  Y  as  centre  and  0  Y  as 
distance  describe  a  semicircle. 

On  any  part  C  of  the  semicircle  an  object  can  be  chosen  as  a 
point  of  reference  from  which  to  project  the  line  C  0  intersecting 
X  O,  and  the  resulting  error  of  position  at  O  for  any  given  error 
of  observation  will  be  identical.     And  see  par.  190. 
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As  an  illustration  of  its  practical  utility,  suppose  a  ship 
anchored  at  0.  A  bearing  is  taken  of  X  determining  the  line  of 
position  X  O  drawn  from  X. 

Let  D  be  a  distant  summit,  and  X  0  D=90°. 
The  first  impulse  is  to  take  the  bearing  of  D,  because  X  0  D  is 
a  right  angle,  the  purpose  being  to  obtain  a  90**  receiving  angle. 

Now  through  0  D 
(fig.  56)  draw  a  semi- 
circle of  equivalents, 
represented  by  the 
dotted  line.  Then 
on  any  part  of  that 
semicircle,  the  object 
would  be  quite  as 
*good'  as  D,  from 
which  a  line  of  refer- 
ence can  be  drawn ; 
and  a  line  pro- 
jected from  C  would 
evidently  be  more 
accurate  than  from  any  other  point  along  the  circumference. 

Moreover,  D  is  an  ill-defined  summit,  and  C  may  be  a  well- 
defined  flagstafi^,  or  church  steeple ;  so  that  under  such  circum- 
stances, C  would  be  doubly  the  more  accurate  to  take. 

185.  Error  in  the  Arc  of  Beferenoe  due  to  an  Error  in 
Observation. — Precisely  the  same  result  and  law  is  deduced 

when  a  circle,  or  arc  of  reference,  is 
drawn  through  two  objects  and  the 
observer. 

Given  an  error  of  observation  in 
one  angle,  the  nearer  the  angle  is  to 
90*  the  less  will  be  the  corresponding 
error  in  the  radius  of  the  circle, 
and  in  consequence  in  the  arc 
described  with  that  radius. 

Let  AB  (fig.  57)  be  two  objects 
subtending  any  angle  a. 

From  the  ends  of   the  line  AB 

lay  off  A B C  and  BAG,  each  being 

90*  -  a  (see  par.  171). 

At  the  intersection  of  the  lines  drawn  will  be  the  centre  of  a 

circle,  the  circumference  of  which  will  pass  through  A  B  and  the 

position  of  the  observer  anywhere  on  the  circumference ;  A  C  and 

B  C  being  the  radius  »  r. 

In  fig.  57,  from  C  draw  CX  perpendicular  to  AB;  this  will 
bisect  A  B  in  X.  Then  BCX  =  JACB;  and  since  A  C  B  =  twice 
the  obseryed  angle,  therefore  BCX^a  (BOX  being  ^  AGB). 


Fio.  67. 
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In  A  BOX,  BC  =  BX.cosec  BCX;  that  is,  the  radius  equals 
^  A  B .  cosec  a :  this  is  the  same  law  as  deduced  in  par.  183. 

The  value  of  the  cosecant  changes  more  rapidly  at  small 
angles  than  in  those  near  90°. 

Hence  for  a  small  error,  when  the  angle  is  small,  there  will  be 
a  greater  error  in  the  radius,  and  consequently  the  arc  described, 
than  when  the  angle  is  90*. 

186.  Error  in  Position  due  to  the  Angle  of  Gut  of  the 
Arcs  of  Reference. — Secondly,  given  a  small  error  of  observation 


Fia.  58. 


in  both  angles,  the  nearer  to  90*  is  the  receiving  angle,  at  the 
position   of  the  observer,  produced  by  the  intersecting  arcs  of 

circles,  the  less  is  the  dimension 
of  the  corresponding  area  included 
in  the  small  arcs  of  circles,  these 
circles  being   formed   by  the  ob- 
served   angles     ±    the    error    of 
observation;   and   the  amount  of 
this   area  solely  depends  on   the 
combination  of,  the  magnitude  of 
the  receiving  angle  of  the  arcs  at 
0,  and  the  distance  of  the  centre 
of  each  circle  from  the  observer,  i.e. 
the  size  of  the  circle  (see  par.  193). 
Each    angle    observed     has    a 
+  or  -  error,  the  sign  of  which  is 
unknown;  each   therefore  creates  two  circles;  and  four  circles 
thus  existing  will  indicate  four  points  of  intersection,  shown  by 
O,  0\  02,  0«  (figs.  58  and  59). 


CHAPTER  XIII 
STATION  FOmTBR^-cantinued. 

187.  Good  and  Bad  Fixes  and  Total  Errors  in '  Angle  of 
Observation'  when  Fixing  by  Station  Pointer. — Station 
pointer  fixing  is  one  of  the  most  important  matters  in  surveying, 
and  should  be  thoroughly  understood :  it  cannot  be  learnt  by 
mere  statements,  nor  by  illustrations  of  good  and  bad  fixes. 

The  three  conditions  which  govern  the  value  of  a  '  fix '  depend 
upon  the  following  : — 

1.  Given  an  error  of  observation,  in  creating  a  circle  formed 
by  any  angle  between  any  two  objects,  the  nearer  the  observed 
angle  is  to  90**  the  less  will  be  the  corresponding  error  in  the 
circle  (see  par.  185). 

This  condition  is  controllable  by  the  eye,  inasmuch  as  it 
applies  not  only  to  angles  but  also  to  distances  (see  Circle  of 
EquivcUenty  par.  184). 

2.  Given  an  error  of  observation  in  two  angles,  the  corresponding 
maximum  error  of  position,  i.^.,  the  maximum  diameter  of  the 
oblong  created,  is  the  least  when  the  intersection  of  the  circle  is 
at  right  angles. 

This  is  qualified  by  the  proportion  of  the  size  of  the  circles  to 
the  angle  of  *  cut ' :  the  value  of  one  may  counteract  the  value  of 
the  other. 

3.  In  using  the  station  pointer — 

(a)  Given  an  error  in  placing  the  leg  over  the  object,  repre- 
senting the  object  by  a  dot  of  say  ^  inch  in  diameter,  the 
corresponding  error  at  the  centre  of  the  instrument  is  least  when 
the  observed  angle  is  90"  (see  par.  190). 

This  condition  is  controllable  by  the  eye  so  far  as  it  applies  to 
the  size  only  of  an  angle. 

(b)  Given  the  same  error  as  above  at  both  -legs,  or  at  both 
objects,  then  there  is  the  least  corresponding  error  at  the  centre 
of  the  instrument  when  the  circles  cut  at  right  angles;  or, 
conversely,  when  the  circles  cut  at  right  angles,  a  small  move- 
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ment  of  the  centre  makes  the  maximum  movement  at  any  point 
along  the  legs. 

This  movement  will  depend  upon  the  size  of  the  circles,  and  the 
angles  at  which  they  cut ;  each  qualifying  the  other.  Conditions 
2  and  3  (b)  are  only  controllable  by  experience  and  by  practice 

(see  par.  172). 

If  e  (the  error)  is  small,  we  can  assume 
these  small  arcs  to  be  straight  lines. 

1.  When  the  circles  are  of  equal  dimen- 
sions, and  cut  each  other  at  right  angles,  the 
figure  formed  by  the  four  lines  will  practically 
be  a  square,  and  the  maximum  error  of 
position  is  either  0  to  0\  or  from  0^  to  0^ 
(see  fig.  60,  a). 

2.  If  the  circles  are  of  unequal  dimensions, 
but  still  cut  each  other  at  right  angles,  then 
0  to  0^  or  0^  to  O^,  is  the  maximum  error. 

The  areas  of  ^g.  60,  a  and  6,  are  the  same. 

3.  Circles  of  equal  dimensions  cutting  each 
other  at  an  acute  angle  produce  fig.  60,  c; 
0^  to  0^  now  being  the  maximum  error  of 
position. 

4.  Lastly,  if  circles  of  unequal  dimensions 
cut  eajch  other  at  the  same  acute  angle  as 
in  case  2,  the  error  of  position  is  shown  by 
OW  in  fig.  60,  d. 

In  every  case,  the  larger  the  circles  in- 
volved, the  greater  the  areas  representing 
the  corresponding  error  of  position ;  and 
hence,  when  using  distant  objects  to  fix 
with,  the  greatest  care  is  required  in  observ- 
ing the  angles. 

188.  In  taking  any  observation  for  fixing 
by  station  pointer  the  following  errors 
probably  arise : — 

(1)  Errors  ii)  the  instrument  (±3';  see 
ante), 

(2)  Errors  in  reading  the  sextant  (  ±  T). 

(3)  Errors  in  the  measurement  of  the 
angle  (  ±  6'). 

Total  sextant  and  observing  errors  ( ±  10'). 

(4)  Error  in  the  station  pointer  (  ±  2' ;  see  ante), 

(5)  Error  in  placing  the  angles  on  the  pointer  (  ±  1'). 
On  tracing-paper  this  is  probably  ±  30'. 

(6)  Errors  in  the  position  of  the  objects. 

Errors   in  the  Position  of   Objects  on    a    Published 
Chcirt. — This    error    is  common   to  all  published   charts.     It 
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arises  from  the  distortion  consequent  on  engraving,  as  well  as 
on  the  expansion  or  contraction  of  the  chart  through  change  of 
temperature,  and  wear  and  tear. 

It  may  be  taken  that  the  objects  on  charts  are  possibly  \  inch 
of  paper  in  error.  The  consequent  error  will  depend  directly 
upon  their  distance  from  the  position  of  the  observer.  In  fact,  it 
is  the  angle  subtended  by  \  inch  of  paper  at  so  many  inches  of 
paper  distance,  and  forms  a  part  of  error  (8) ;  see  below. 

For  a  place  on  a  scale  of  3  inches  to  a  mile,  at  2  miles'  distance, 
the  maximum  error  in  the  angle  would  amount  to  about  ±  1  ** ; 
at  twice  that  distance,  or  on  I|-inch  scale,  the  error  will  be  halved. 

189.  Angles  not  Taken  Simultaneously. — (7)  If  the 
angles  are  not  taken  simultaneously,  the  error  in  a  boat  could 
probably  be  ±  15'. 

In  a  ship,  the  maximum  could  easily  be  ±  7*.  Sup- 
pose S  (fig.  61)  is  the  ship  steering  to  the  eastward 
at  15  knots.  Suppose  the  interval  of  time  between 
one  angle  being  taken  and  the  next  is  1  minute.  The 
ship  has  then  traversed  \  mile.  Let  A  and  B  be  two 
objects  in  transit,  A  being  1|  mile  and  B  3  miles 
distant.  At  the  instant  of  the  first  angle  they  were 
in  transit ;  at  the  second,  the  ship  was  at  S^ :  S  S^  =  '25 
mile,  S  B  =  3  miles,  then  A  S^B  =  4* :  the  greater  the 
distance  between  A  and  B,  the  greater  the  error.  The 
error  No.  (7)  can  be  considered,  as  far  as  a  boat  is 
concerned,  when  the  change  of  position  between  the 
angle  first  observed  and  the  position  at  the  second 
observation,  i.e,  the  distance  SS^,  fig.  61,  to  be  about 
30  to  50  feet,  and  can  be  included  in  the  error  of 
observation;  but  where  the  distance  between  the 
points  where  the  angles  were  taken,  such  as  would 
occur  in  a  ship  navigating  along  the  coast,  is  con- 
siderable, the  error  becomes  so  large,  that  means 
should  be  taken  either  to  eliminate  it  entirely  or  to 
reduce  it  to  a  minimum.  The  means  of  doing  this  are  explained 
at  par.  211. 

For  causes  up  to  No.  (7)  as  enumerated  above,  the  total  error 
may  be  assumed  to  be  ±  40'  in  a  boat,  and  2*  in  a  ship. 

190.  Errors  in  Sliding  the  Legs.— (8)  Errors  due  to  not 
placing  the  legs  correctly  over  the  objects.  There  is  a  double 
movement  here :  one  of  pivoting  from  the  centre,  the  other  a 
forward  slide ;  in  part,  it  resembles  error  (6).  No  value  can  be 
assigned  to  this,  depending  as  it  does  upon  the  '  angle  of  approach  ' 
of  one  or  of  both  legs,  which  varies  with  the  size  of  the  angle ; 
and  this,  again,  depends  upon  how  the  instrument  is  handled. 

Let  us  take  two  extremes.  Let  A,  B,  C,  be  three  objects  from 
which  a  fix  is  obtained,  the  angles  being  A  0  B,  C  0,B. 
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In  fig.  62,  for  a  movement  of  direct  approach  of  the  legs,  =  C^C 
or  A^A,  the  centre  has  to  be  moved  from  0^  to  O. 

In  this  case,  a  small  error  in  C^C,  makes  a  larger  error  in  0^0  : 


Fio.  62 


the  legs  over  the    object. 


0  0^  =  CR  =  CCi.sec  observed  angle.     If  BOC  =  20',  then  the 
sec  of  20'  =  2  X  O  Qi  =  2  C  C^.     Along  C  C^  is  the  error  in  placing 

Conversely,  0^  can  be  moved  a 
small  way  towards  O,  but  the 
change  along  C^C  will  be  in- 
appreciable. 

In  fig.  63,  where  both  AOB 
and  COB  are  90^  for  the  same 
length  of  movement  of  the  legs  as 
before,  i.e.  C^  to  C,  the  centre 
has  only  to  move  over  the  dis- 
tance QiQ. 

Here  the  movement  of  0^  to  0 
is  parallel  with  the  movement  from 
C^  to  C ;  and  if  one  movement  is 
evident,  so  will  the  other  be. 
0  01  =  C  C^  .  sec  90' ;  O  0^  = 
C  C^ .  sec  90*  being  infinity. 

There  are,  however,  intermediate 
cases,  such  as  where  one  angle  may 
be  small  while  the  other  is  near 
90°.  In  this  case,  where  the  fix 
might  read  A  10  B  90  C  (see 
fig.  64,  a),  the  angle  of  approach, 
when  using  both  legs,  is  the  resultant  of  two  movements :  one  from 
C^  to  C,  and  the  other  from  A^  to  A  (see  fig.  64,  b).  A^A  being 
at  right  angles  to  O^A^,  it  may  be  represented  by  the  dotted  line. 
The  smaller  A^A  is,  the  nearer  does  the  resultant  approach  to  C  C^. 
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When  A^A,  fig.  64  (a),  =  0,  then  A  is  in  line  with  B,  and  the 
movement  is  from  C^  to  C,  and  to  A  thrtyagh  B. 

Now,  owing  to  the  causes  enumerated,  the  total  error  of 
observation  is  40'  in  the  case  of  a  boat,  and  T  in  the  case  of  a 
ship ;  that  is,  when  the  angles  are  not  taken  simultaneously. 

And,  according  to  previous  demonstrations,  the  greater  the 
distance  and  the  smaller  the  observed  angle  the  greater  is  the 
corresponding  error  of  position  for  an  error  of  observation. 

Referring  to  fig.  62,  as  0  C  increases  in  distance  with  a  given 
error  of  observation,  the  greater  will  C  C^  become. 

For  the  same  distance  in  fig.  63,  when  B  0  C  is  a  right  angle, 
C  C^  will  increase  in  the  same  proportion  as  in  the  other  case 
to  QQ\  but  there  will  be  less  consequent  movement  in  the 
instrument. 

The  angle  A  0  C  is  the  angle  at  0  between  A  and  C,  respectively 
the  left  and  right  objects ;  that  is,  the  sum  of  B O C  and  BOA, 
known  as  the  '  whole  angle.' 

191.  Therefore  the  nearer  each  angle  is  to  90*,  or  one  90**  and 
the  other  very  distant  and  making  0"*,  the  better  is  the  fix  as 
regards  the  *  approach '  of  the  legs  towards  the  objects. 

An  inferior  approach  occurs  when  the  small  displacement  of 
the  legs  from  the  points  represented  by  C  C^,  fig.  62,  makes  an 
increased  displacement  of  the  centre,  shown  as  0  0^  fig.  62. 

This  paragraph  should  be  combined  with  the  '  pivoting '  of  the 
legs,  which  is  a  separate  thing  (see  par.  182). 

192.  It  must  not  be  forgotten  that  there  is,  for  an  ^  error  of 
observation,'  excluding  Nos.  6  and  8,  the  balancing  of  angles  with 
distances — small  angles  with  short  distances  as  against  a  90* 
angle  with  longer  distances  (see  Circle  of  Equivalent  Errors^ 
par.  183).  In  practice,  the  circle  of  equivalents  is  not  drawn  3 
and  practice  alone  will  enable  an  observer  to  conceive  it  by  the  eye. 

193.  Guts  of  Circles. — In  connection  with  the  preceding 
statements,  there  follows  the  problem  of  intersecting  circles. 

On  p.  66,  par.  170,  it  has  been  shown  that,  given  the  horizontal 
angle  subtended  by  two  objects,  a  circle  may  be  drawn  through 
these  objects  and  the  position*  of  the  observer;  and  since,  in 
fixing  with  the  station  pointer,  there  are  three  objects  and  two 
angles,  one  object  being  common  to  both  angles,  there  will  con- 
sequently be  two  circles,  and  at  their  intersection  is  the  position 
of  the  observer. 

In  A  40  B  50  0,  B  is  the  conmion  object,  the  angles  being 
A  40  B,  B  50  C. 

**  ^  gQ  Q  >  C  is  the  common  object,  the  angle  being  ■{  t>  qq  n 

A  90  C  is  known  as  the  '  whole  angle,'  and,  according  to  fig.  47, 
B  50  C  is  the  right  angle ;  if  one  be  subtracted  from  the  other, 
the  difiTerence  derived  will  be  the  left  angle,  viz.  40*. 
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At  p.  15  it  has  been  explained  how  the  angle  between  two 
objects  may  be  obtained  if  one  of  them  is  too  indistinct  to  reflect : 
the  above  may  be  a  case  in  point.  For  other  reasons  for  this 
method  of  finding  the  derived  angle,  see  par.  131. 

Given,  then,  an  angle  at  0  between  A  and  B,  a  circle  may  be 
described  through  0,  A,  and  B ;  and,  similarly,  given  the  angle 
between  B  and  C,  another  circle  can  be  described  (see  par.  171). 

These  two  circles  emanate  from  the  right  and  the  left  angles 
separately ;  and  at  their  intersection  will  be  the  position  of  the 
observer. 

If  A  and  C  be  joined,  a  circle  may  be  drawn  through  them  and 
position  0,  with  the  dimension  of  AOC,  the  whole  angle  (see 
par.  174). 

When  projected,  the  nearer  to  a  right  angle  any  two  of  these 
circles  intersect  at  0,  the  better. 

194.  Angle  of  Cut  not  Conceivable  by  Bye. — When  the 
ship  is  fixed  by  two  bearings^  the  value  of  the  fix  depends  upon 
the  receiving  angle  at  the  position  of  the  observer  and  the 
distances  of  the  objects  fixed  from  (see  par.  183) ;  and  being  lines 
of  position,  the  degree  of  goodness  or  of  badness  of  the  fix  is 
evident  to  the  eye. 

In  the  case  of  cirdeSj  the  intersection  of  the  arcs  of  position 
(the  *  receiving  arcs ')  are  not  evident,  unless  they  are  actually 
drawn. 

In  the  first  case,  that  of  bearings^  two  or  any  number  of 
objects  may  be  in  one  line ;  obviously  the  lines  of  bearing  super- 
pose and  there  is  no  cut  anywhere. 

195.  Ciroles  Superposing. — Similar  conditions  may  arise 

with  the  circles  through  any 
number  of  points  without 
the  fact  being  obvious ;  and, 
if  they  all  coincide,  there  is 
no  cut.  For  example — A, 
B,  and  D,  fig.  65,  are  all 
on  the  same  circle  with  the 
observer;  if  the  angles  BOD, 
BOA,  be  placed  on  respec- 
tively the  right  and  the  left 
legs  of  the  pointer,  the 
centre  of  the  instrument  can 
be  placed  at  any  part  of  the 
arc  AOD,  and  the  legs 
will  still  pass  through  A,  B, 
and  D :  0  may  then  be 
anywhere  along  the  arc 
AOD. 
This  is  evidently  impossible  to  fix. 
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The  chances  are  very  much  against  this  coincidence  occuMng ; 
but  if  A  is  at  A^  for  instance,  t.^.,  just  ofT  the  common  circum- 
ference, then  the  intersection  of  the  two  circles  at  0  is  at  a  very 
acute  angle. 

And,  for  the  error  of  observation,  the  oblong  of  arcs  will  be 
very  elongated,  leaving  the  points  of  the  maximum  diameter  a 
considerable  distance  apart ;  the  error  of  position  then  may  be 
very  large. 

Where  the  choice  of  objects  limits  the  observer  to  an  evidently 
bad  fix,  such  as  shown,  recourse  must  be  had  to  a  line  of  position, 
(a  bearing)  taken  of  one  of  the  objects  (see  par.  198).  Such 
a  fix  then  consists  of  the  intersection  of  an  arc  of  position,  with 
a  line  of  position. 

106.  Two  Eqii€J  Circles  cutting  at  Bight  Angles. — Now 
two  circles  of  a/ny  dimensions  can  be  drawn  so  that  they  will  cut 
each  other  at  right 
angles ;  from  one  of  in- 
finite diameter  to  the 
smallest  possible,  each 
in  combination  with  the 
other. 

Take  the  case  of  equal 
circles  first.  In  the 
above  case  (fig.  65)  they 
are  of  the  same  diameter, 
and  their  'cut'  is  an 
impossible  one  for  fixing 
purposes. 

Let  them  be  drawn 
so  as   to   cut  at   right 

angles  (see  fig.  66);  then  the  circumference  of  each  will  pass 
through  the  centre  of  the  other.  Let  A,  B,  and  C  represent 
respectively  the  left,  middle,  and  right  objects,  and  0,  where  the 
circles  intersect,  be  the  position  of  the  observer. 

Then,  from  the  observer  at  0,  objects  placed  at  A,  B,  and  C 
produce  the  best  possible  cut ;  but  the  angles  of  approach  BOA 
and  B  O  C,  being  very  small,  are  not  well  conditioned,  and  a  small 
error  in  observing  the  angle,  or  in  the  manipulation  of  the  legs 
over  the  objects,  would  make  a  large  or  magnified  error  of 
position. 

It  is  still,  however,  a  very  good  fix,  but  ofdy  as  regards  cuts  of 

circles. 

197.  Undesirable  Fixes. — Suppose  this  fact  admitted,  and 
the  size  of  the  angles  is  put  aside,  there  is  another  objection  to 
the  fix  being  generally  adopted. 

For,  bisect  0  B,  and  draw  a  circle  with  OB  as  diameter,  shown 

dotted  in  fig.  66. 
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It  will  be  now  Dotioed  that,  though  the  angles  BOA  and  BOO 
remain  the  same,  if  C  is  at  C^,  and  A  at  A^  the  conditions  of 
fixing  with  A-^,  B,  and  C^ — all,  including  0,  being  on  the  one  circle 
— are  impossible,  as  explained  by  fig.  65. 

In  selecting  such  subjects  as  A  and  C,  it  is  hardly  possible  that 
anyone,  however  experienced,  will  be  able  to  know  definitely 
whether  A  is  at  A  or  at  A^,  or  if  C  is  at  C^  or  not. 

In  the  one  case,  the  fix  is  the  very  best  as  regards  cut ;  in  the 
other,  the  very  worst ;  and  since  there  is  such  a  small  margin  for 
mistaking  one  dista/nce  for  the  other,  such  a  fix  is  usually  let 
alone. 

If  the  distances  0  A  and  0  C  remained  as  shown,  and  a  small 
change  was  made  in  the  angle,  overcoming  the  objection  to  the 
small  angle,  it  would  place  them  at  A°  and  C°,  both  A  0°  =  A  0  and 
A  C*"  =s  A  C,  on  the  same  circle  as  B  and  0 — again  in  an  impossible 
position  for  fixing,  though  not  very  different  in  their  relative 
positions  from  the  very  best  cut. 

And  since  there  is  no  way  of  exactly  knowing  what  their  true 
relative  positions  are,  such  a  fix  is  not  used. 

198.  Bad  Fix  using  Station  Pointer  cuid  Becuing. — The 
student  is  here  reminded  that  in  par.  179  it  is  stated  that  if 
the  fix  is  unavoidably  a  bad  one,  there  must  be  check  angles 
taken,  and  all  the  angles  plotted  on  tracing  paper ;  and  in  par. 
195  that  in  a  vessel  with  a  suitable  compass,  a  bearing  of  one  of 
these  objects  could  be  taken  (see  Circle  of  Equivalent  Errors^  par. 
184).  In  fig.  66,  C  or  A  is  the  best  to  take  the  bearings  of,  for 
they  fall  within  the  circle  of  equivalent  errors,  which  in  this  case 
is  B  0^0  or  B  A^O. 

199.  Middle  Object  Nearest.— Referring  to  fig.  66,  if  0  A 
and  0  C  be  produced  to  A^  and  C^  the  circles  C»B  0  and  A«B  0 
still  intersect  at  0,  and  the  cut  remains  the  same;  but  the 
difference  between  these  positions  and  A^  and  C^  with  B,  is  that 
both  A^  and  C^  are  further  from  the  observer  than  B ;  and  hence 
while  B  is  nearer  to  0  than  A^  or  C^,  neither  of  them  can  be  on 
the  circle  described  through  B  and  0 ;  therefore,  when  the  middle 
object  (B)  is  nearer  the  observer  (0)  than  either  of  the  other  two, 
they  cannot  all  four  possibly  be  on  the  same  circle.  This  is  the 
condition  necessary  to  avoid  the  impossible  fix. 

200.  Qood  Outs  with  Bad  Angles.— Now  the  fixing  objects 
are  A^,  B,  C«  (suppose  B  0  A^  and  B  0  C«  =  30'),  and  the  cut  is  a 
right  angle ;  still  it  is  not  the  best  fix,  for  the  angle  of  approach 
is  not  good,  the  angles  being  small. 

The  angles  being  small  compared  with  the  distance,  an  error 
of  observation  will  make  a  considerable  error  in  position  (see 
p.  190) — a  greater  error  than  if  A*  or  C^  were  at  A  or  C. 

201.  Gk>od  Cuts  with  Gkx>d  Angles.— Still  retaining  the 
same  circles,  take  two  positions  X  and  Y  at  right  angle$  to  A  B. 
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The  cuts  of  the  circles  remain  the  same,  and  the  fix  is  now  the 
very  best  possible ;  for  the  angle  of  approach  is  the  best  possible, 
on  account  of  each  being  90**. 

These  angles  are  such  that  an  error  of  observation  makes  the 
least  error  in  position,  and  the  distances  are  short  as  compared 
with  0  B. 

If  now  on  0  X  and  0  Y  respectively  a  circle  of  equivalents  be 
drawn — that  is,  with  diameters  0  X  or  0  Y — it  will  be  seen  that 
they  intersect  the  original  circles  through  BOX  and  B  0  Y  at 
positions  a  and  h, 

202.  Gk>od  Outs  with  Equivalent  Positions. — These  last 
positions  a  and  6,  are  equivalent  in  every  way  to  X  and  Y  for 
fixing  objects  in  connection  with  B ;  they  are  not  used  in  practice, 
for  the  reason  already  given,  i,e,  to  avoid  the  impossible,  but  are 
shown  to  illustrate  the  theory  of  equivalent  angles  and  dutanceB 
combined  with  cuts  of  circles. 

203.  Outs  of  Large  and  Small  Oircles. — The  next  con- 
sideration is,  that  of  circles  one  of  which  is  of  infinite  radius,  and 
the  other  of  normal  size. 

Let  ABO  (fig.  67),  the  circumference  of  a  circle  A  0  of  infinite 
radius,  cut   the   circle 
GBO  at  right  angles 
through   0,   the    posi- 
tion of  the  observer. 

ABO  will  evidently 
pass  through  the  centre 
of  circle  C  B  0,  and  0  B 
is  the  diameter  of  that 
circle. 

The  cut  of  the  circles 
is  the  best  possible  with 
cmy  position  of  C  along 
BCO. 

The  angle  of  approach 
will  be  the  best  when 
C  is  at  0\  and  OC^ 
is  at  right  angles  to 
OB. 

If  B  0  Ci  is  90%  the 
error  of  position  will 
also  be  at  a  minimum 
for  error  of  observation ;  but  a  circle  through  B  0  C^  would  not  cut 
A  0  at  right  angles ;  and  the  nearer  is  C^  the  less  that  error  and 
the  better  the  cut  at  0. 

Hence,  with  two  objects  in  transit,  an  angle  of  90°  to  the  third 
object,  and  as  near  as  possible  to  the  observer,  shown  by  G  on  the 
line  OC^,  gives  the  best  possible  fix. 
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As  near  as  possible,  requires  that  C  shall  be  at  least  no  nearer, 
or  not  much  nearer  than  B,  under  practical  conditions. 

Let  C^  be  the  practical  position,  i.e.,  the  normal  position  along 
a  coast-line,  of  the  right  object. 

The  dotted  circle  represents  an  arc  of  equivalents  drawn  with 
0  C*  as  diameter,  and  where  it  intersects  arc  B  C  0  at  X  gives  the 
position  of  an  equivalent  position  to  C^  on  the  desired  circle  BC  0. 
X,  then,  will  practically  be  the  best  object  to  take. 

204.  Objects  in  or  near  Transit. — In  theory  it  is  imma- 
terial what  the  distance  of  A  may  be,  but  in  practice  the  further 
distant  A  is,  the  more  *  sensitive'  is  the  position  of  0  to  the 
transit;  that  is,  the  further  is  A,  a  small  error  at  O  will  make  an 
appreciable  error  in  the  transit  (see  par.  189,  fig.  61). 

205.  The  Middle  Object  the  Furthest. —Before  concluding 
with  this  particular  case,  it  may  be  pointed  out  that  a  small 
deviation  from  the  above  will  necessarily  also  be  good.  If,  for 
instance,  A  is  at  A^  or  A^,  and  B 0  A^  or  BOA*  very  small,  the 
circles  through  A^,  B,  and  0,  or  A*,  B,  and  0,  will  nearly  coincide 
with  A  B  0 — near  enough  to  be  practically  the  same.  Such  a  fix  is 
therefore  admissible,  and  would  read  A^  5  B  75  X,  or  B  5  A*  65  X. 
Or  if  A^  or  A*  are  a  considerable  distance  off,  the  result  is  the 
same.  In  each  case  great  care  must  be  taken  in  measuring  the 
small  angle,  or  the  angle  to  the  distant  object. 

In  the  first  case  it  may  be  noticed  that  in  B  5  A*  65  X,  A*,  the 
middle  object,  is  the  furthest,  and  the  fix  does  not  conform  to  the 
rule  about  the  middle  object  being  the  nearest ;  it  must,  however, 
be  selected  with  great  discretion,  remembering  that  it  must  be 
considerably  the  furthest  distant,  or  at  least  three  times  the 
distance  of  0  B. 

206.  Between  the  cuts  of  circles  of  equal  size,  and  those  of 
infinite  opposites,  there  are  infinite  intermediate  cases  of  circles 
of  varying  sizes,  and  their  dimensions  will  depend  upon  the  angle 
at  the  position  of  the  observer,  and  the  relative  position  of  the 
objects. 

207.  No  Simple  Law  for  selecting  Objects  for  Circles 
to  cut  at  Bight  Angles. — It  is  not  possible  to  give  a  definite 
law,  which  can  be  humanly  practicable,  to  assist  an  observer  to 
select  his  objects,  so  that  the  circles  formed  will  cut  each  other  at 
the  observer's  position  at  right  angles. 

208.  To  Avoid  the  Impossible  Ca^ie. — But  there  are  more 
or  less  definite  conditions  which  prevent  the  opposite,  viz.,  the 
impossible  case. 

So  long  as  the  observer  is  not  in  the  same  circumference  of  a 
circle  which  joins  the  three  objects,  it  is  necessary  that  the 
middle  object  shall  be  nearer  than  either  of  the  other  two : 
nearer  than  one  of  them  does  not  suffice. 

If  an  observer  is  within  the  triangle  formed  by  joining  the 
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three  objects,  he  cannot  possibly  be  on  the  circumference  of  the 
circle  joining  them. 

209.  All  Other  Cases  Possible. — In  all  other  cases  the 
circles,  of  varying  sizes,  will  cut  at  varying  angles. 

The  angle  at  which  they  will  cut,  depends  entirely  on  the 
choice  of  objects ;  but  how  to  choose  them  so  that  the  cut  will  be 
nearly  right  angled,  cannot  be  stated  in  any  practical  form. 

It  may,  however,  be  suggested  that,  assuming  that  the  middle 
object  is  the  nearest  to  the  observer,  he  must,  by  practice  or 
intuition,  conceive  an  infinite  number  of  circles  going  through 
his  position  and  the  middle  object;  and  one  of  them  to  pass 
through  whatever  object  he  has  at  his  disposal  on  one  side  of  the 
middle  one,  say,  to  the  right. 

210.  Choosing  a  Circle. — In  selecting  this  right  object,  he 
must  carry  in  his  mind  the  size  of  an  angle  as  compared  to 
distance,  so  as  to  take  into  account  error  of  observation  (see  par. 
185,  as  well  as  Circle  of  Equivalents,  par.  184). 
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Let  0  (fig.  68)  be  an  observer,  B  the  nearest  and  middle 
object.  Conceive  two  circles,  one  going  through  C  and  the  other 
through  D ;  conceive  again  a  circle  of  equivalents  from  0  C, 
shown  by  a  circle  with  dotted  line.  Of  these  two  circles  the 
smaller  is  the  better  to  take,  because  the  object  D  falls  within 
the  semicircle  on  0  C. 

The  only  possible  way  to  obtain  the  left  circle,  is  to  again  con- 
ceive a  number  of  circles  going  through  B  and  the  left  objects  at 
his  disposal. 

Then,  with  some  idea  of  the  position  of  the  centre  of  the  first 
circle,  turn  in  a  direction  at  right  angles  to  it,  and  conceive 
another  circle  going  through  0  B  and  the  left  object. 

Let  ABO  represent  such  a  circle ;  then,  evidently,  A  is  the 
best  object  to  select. 

But  supposing  A^  to  be  further  o£F  than  A,  but  to  make  the 
«ame  angle  BOA,  then  a  or  ft  would  give  a  better  fix  than  A^  a 
better  than  b. 

In  the  above  fig.  68  the  circles  cut  at  right  angles,  the  angles 


92  HYDROGRAPHIC  SURVEYING. 

are  well  conditioned  in  relation  to  the  distances  O  A  and  0  D ;  and 
the  angle  of  approach  A  0  B  and  B  0  D  is  almost  the  best  possible ; 
so  that  the  fix  is  a  very  good  one. 

It  must,  however,  be  so  much  guess-work,  and  nothing  but 
continuous  practice  and  analysis  of  a  fix,  will  ensure  an  observer 
picking  out  intuitively,  after  a  time,  the  best  objects. 

211.  Angles  not  Taken  Simultajieously— Choosing 
Circles.  —  Heretofore  it  has  been  considered  that  either  the 
angles  at  O  are  taken  simultaneously,  or  that  the  observer  has 
not  shifted  his  position  more  than  a  few  yards  while  taking  each 
angle. 

When,  however,  the  angles  are  not  taken  simultaneously,  and 
there  is  a  considerable  distance  between  the  position  of  the  first 
angle  and  the  second,  the  case  becomes  more  complicated. 

B 
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Supposing,  in  this  case,  a  ship  is  steering  south-east  15  knots, 
and  that  the  interval  between  taking  the  angles  is  one  minute ; 
then  the  observer  has  changed  his  position  ^  mile  from  where  he 
took  one  angle,  to  the  position  at  which  he  took  the  other  angle. 

In  fig.  69  the  arrow  1  shows  the  direction  of  ship's  course. 
It  must  now  be  arranged  that  the  line  of  her  course  shall  coincide 
with  the  circumference  of  one  circle,  and  shall  be  directly  towards 
or  from  the  centre  of  the  other. 

In  the  one  circle,  DOC,  the  angle  will  not  be  changing,  while 
in  the  other,  B  D  0,  it  will  be  changing  to  its  maximum. 

It  is  required  to  conceive  the  first  circle,  there  being  given  D, 
the  nearest  object,  and  0,  near  about  the  position  of  the 
observer :  the  centre  evidently  must  lie  *  abeam.' 

C  D  0  fulfils  the  condition ;  then  C  should  be  the  right  object. 
After  gue&sing  at  the  position  of  the  centre  of  the  circle,  turn  to 
a  direction  at  right  angles  to  it,  in  this  case  '  astern,'  and  conceive 
another  circle  with  its  centre  in  that  direction.  This  will  in  the 
figure  give  circle  B  D  0. 
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212.  Order  of  Taking  Angles. — The  obserrer  is  now  run- 
ning along  the  circumference  of  DOC,  and  almost  directly  away 
from  the  centre  of  B  D  0. 

The  angle  DOC  is  not  changing,  or  changing  as  slightly  as 
possible  during  a  short  interval,  i.e.,  small  distance,  while  B  0  D  is 
changing  its  maximum. 

And  since  the  position  is  required  at  the  instant  of  the  second 
observation,  the  correct  way  to  fix  is  to  take  first  DOC, 
then  BOD. 

If  the  ship  is  running  east  or  west  (see  arrow  2),  then  both 
angles  are  changing;  according  to  figure  69,  the  ship  is  going 
westward,  and  B  0  D  is  changing  the  faster  and  is  iTwreasing,  while 
D  O  C  is  decreanng  a  slightly  less  amount. 

In  this  case,  and  for  that  reason,  the  swm  of  the  angles  will  be 
changing  its  minimum  or  not  at  all.  Therefore  the  whole  angle 
B  0  C  is  taken  first,  because  it  changes  least,  followed  by  B  0  D, 
which  is  changing  most,  while  the  angle  C  0  D  is  derived. 

It  is  written  down  thus : — 

B    90*     C 
30*    D 

30*  is  the  left  angle,  and  the  difference  between  C  to  B  and  C  to 
D,  viz.  60",  is  the  derived  right  angle.  These  angles  are  placed 
in  the  pointers,  the  position  fixed  by  the  right  and  left  angle,  and 
the  error  due  to  change  of  position  while  observing  is  reduced  to 
a  minimum. 

As  a  matter  of  fact,  B  90  C  and  B  30  D  acre  the  two  angles 
that  constitute  the  fix ;  and  if  a  circle  be  dravm  through  BOD 
and  one  through  BOC  their  intersection  will  give  position  0. 
But  in  using  the  station  pointer  it  is  actually  fixed  by  B  O  D  and 
BOC;  BOC  being  derived  from  the  difference  between  BOC 
and  BOD  more  correctly  than  if  taken  independently ;  so  that 
the  right  and  the  left  angles  are  always  the  two  which  guide  the 
usual  action  of  the  station  pointer  and  fix  the  position  (par.  171). 

This  disposes  of  the  error  under  heading  (7)  (par.  189)  when 
the  change  of  position  is  considerable,  or  when  the  relation  of 
the  change  to  the  scale  of  a  chart  is  considerable. 

It  must  bo  looked  upon  as  a  change  of  so  many  inches  of 
paper.  On  a  scale  of  1  inch  to  a  mile,  ^  mile  =  '25  inch ;  on  a 
scale  of  10  inches  to  a  mile,  '25  inch==j^|j  mile^,  roughly, 
50  yards. 

On  such  a  scale  as  this,  a  boat  shifting  her  position  50  yards 
corresponds  to  a  ship  going  15  knots  and  changing  her  position 
i  mile  on  the  1-inch  scale. 

The  corresponding  error  of  position  for  a  movement  in  the 
interval  of  taking  the  angles,  will  depend  upon  the  cuts  of 
circles  and  their  magnitude  and  the  size  of  the  angles  observed. 
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In  the  one  case  it  may  merely  be  an  error  incidental  to  naviga- 
tion, and  perhaps  of  not  much  importance;  but^in  the  case  of  a 
boat  fixing,  perhaps,  the  position  of  a  submerged  rock  or  of  a 
sounding,  etc.,  '25  inch  is  a  serious  error,  and,  as  is  shown,  may 
be  produced  by  the  improper  fixing  described. 

213.  Not  Necessary  to  *  Stop '  to  Fix  except  in  Large 
Scales. — As  a  rule,  when  a  boat  or  ship  is  running  on  a  line  of 
soundings,  it  should  not  be  necessary  to  stop  over  each  position  of 
a  fix,  so  that  there  is  all  the  more  reason  for  knowing  what  suitable 
angles  and  objects  to  select  in  order  to  allow  for  the  non-stop. 

In  fig.  70  the  arrows  show  the  direction  of  a  vessel  steering 

directly  away  from  or  to- 

\p^ wards  the  shore.     Select- 

^^  I  A/\  ^\         ^^S  objects  A,  B,  C  to  fix 

is  k    /        /  \^     with,  she  is  running  along 

\  '^v  \  n       /  y\      ^^  ^®*^  ^^®  circumference 

\/^-v^       \|/     y  ^^y        I      of  B 0 C,  almost  directly 

^^s^^"'-jlL<^  __,^''''''  /      away  from  the  centre  of 

Eyy  /       BOA  (arrow  1),  but  still 

/  V  y        more   directly   from  the 

/    V/^s^,^^     ^^^  centre     of     the     circle 

(D      '^©^  through       AOC       (see 

Fio.  70.  arrow  2). 

By  arrow  2  the  angle 
C  O  B  is  not  changing  much,  while  the  angle  A  0  C  is  changing 
rapidly.     The  fix  should  be 

B     40     C 
A     100 

40"  is  the  'right'  angle;  and,  consequent  upon  C  A  being  100", 
A  0  B  is  the  left  and  derived  angle  =  60'.  With  these  two  angles, 
0  is  fixed. 

The  fix  (at  the  second  instant  of  observation)  would  have  been 
grossly  in  error  had  B  to  A  been  taken  first  and  followed  by  C  to 
B.  There  is  sometimes  a  temptation  to  do  this,  because,  the  left 
angle  of  the  previous  fix  having  been  the  last  taken,  the  sextant 
is  in  a  convenient  state  for  it  to  be  taken  first  at  the  next  fix. 

214.  When  Necessary  to  Anchor  to  Fix. — In  harbours, 
in  a  tide-way,  or  with  a  wind  blowing  a  boat  away  from  the  first 
position  in  which  the  fixing  angles  are  taken,  and  especially, 
when  the  scale  is  a  large  one  (anything  over  6  inches  to  the  mile), 
it  is  necessary  either  to  anchor  at  each  fix  in  order  to  obtain  the 
angles,  or  that  two  observers  shall  be  present  to  take  the  angles 
simultaneously ;  because  the  direction  of  drift  is  not  at  all 
certain,  and  without  this  knowledge  no  tangent  to  one  circle 
and  towards  or  from  the  centre  of  another  will  avail.  In  very 
large  scales,  such  as  25  inches  to  a  mile,  for  instance,  an  angle 
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between  the  same  two  objects  at  each  end  of  the  boat  may  differ 
considerably,  therefore  simultaneous  angles  from  one  spot  in  the 
boat  must  be  taken. 

Note. — A  device  can  be  suggested  that  may  meet  the  case  for 
beginners,  as  it  will  enable  them  to  pick  out  the  best  fix  under 
the  conditions  before  them. 

216.  Procure  two  circular  horn  protractors,  the  larger  the 
better,  and  from  the  centre  of  each  draw,  in  different  coloured 
inks,  a  number  of  circles,  each  having  a  radius  \  inch  smaller  than 
the  next  outside  one. 

Let  X  and  Y  represent  the  two  protractors. 

On  X  draw  a  number  of  lines  parallel  to,  and  on  Y  a  number 
at  right  angles  to,  the  0*  to  180'  diameter  of  each  :  as  shown  in 
fig.  71,  these  lines  are  nearly  superposed. 


Fio.  71. 

Now  D,  A,  B,  C,  F  represent  a  number  of  fixed  points. 

The  observer  is  somewhere  near  0. 

Required  the  best  objects  to  fix  with. 

Firsts  Take  the  nearest  object  B  for  a  middle  object. 

Secondly^  Place  the  protractor  X  until  one  of  the  circles 
marked  on  it  will  pass  through  0  and  B,  and  as  near  as  possible 
through  any  objects  that  are  on  the  chart.  Suppose  the  most 
suitable  circle  is,  as  shown,  the  second  from  the  rim  :  this  passes 
through  0,  B,  and  C. 

Thirdly^  Place  the  protractor  Y  so  that  the  lines  drawn  on  it 
will  lie  parallel  to,  or  overlap,  those  on  the  X  protractor 
(fig.  71) ;  then  slide  it  either  along  those  lines,  or  at  right  angles 
to  them,  until  one  of  the  circles  drawn  bn  it  gives  the  best  fit 
over  two  objects  on  that  side  and  the  position  of  the  observer  (the 
lines  on  each  protractor  must  remain  parallel  to  each  other),  and 
let  the  most  suitable  circle  be  as  shown,  fig.  71,  viz.,  the  third 
from  the  rim :  this  passes  through  A,  B,  and  0. 
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Then  if  A  on  the  left,  and  B  in  the  middle,  and  C  on  the 
right  are  taken  for  the  fix,  their  fixing  circles  will  cut  nearly  at 
right  angles,  and  it  is  the  best  fix  under  the  conditions  as  regards 
cuts  of  circles. 

BOD  and  BOF  (fig.  71)  are  better  angles  than  AOB  and 
B  0  C,  as  the  angle  of  approach  to  them  is  better ;  but  D  and  F 
are  further  than  A  or  C  in  their  equivalent  positions — a  fact  that 
can  be  demonstrated  by  drawing  a  circle  of  equivalents  on  the 
sides  0  D  and  O  F. 


Fio.  72. 

Now  in  the  case  of  a  ship  in  motion,  one  of  the  protractors 
must  be  so  placed  that  the  direction  of  the  ship's  change  of 
position  is  a  tangent  to  the  circle,  in  which  case  its  centre  is 
abeam,  or  directly  in  line  with  the  centre,  t.e.,  ahead  or  astern ; 
and  the  other  protractor  will  be  at  right  angles  to  it.  Obviously, 
in  the  case  shown  in  fig.  72  the  right  angle  is  taken  first,  then 
the  left;  and^  if  desired,  a  third  protractor  can  be  utilised 
representing  the  whole  angle.  With  the  two  protractors  the 
exact  and  best  possible  fix  can  be  picked  out,  and  with  the  third 
is  determined  the  order  in  which  the  angles  should  be  taken,  i.e., 
right  and  left  separately,  or  the  whole  followed  by  either,  or 
vice  versa. 


CHAPTER  XIV 

ANGULAR  MEASUREMENTS  FOR  TRUE 

BEARINGS. 

216.  For  Findings  True  Bearing. — An  angular  measure- 
ment is  made  with  a  sextant  between  the  sun  or  a  star,  and  the 
object,  for  the  purpose  of  finding  a  line  of  true  bearing  to  that 
object. 

Either  the  object  is  reflected  to  the  sun,  or  the  sun  reflected 
to  the  object,  depending  upon  which  of  them  is  on  the  right. 

317.  Using  Sextant  Hcuidle  Up. — If  the  land  object  is  on 
the  right,  and  is  too  dim  to  bear  reflection,  or  loses  its  definition 
when  reflected  to  the  sun  when  conveniently  shaded,  the  sextant 
may  be  used  upside  down,  that  is,  handle  up ;  and  looking  to  the 
right  object  instead  of  the  left,  as  is  done  when  the  proper  way 
up,  reflect  the  left  to  it :  in  this  case  it  is  the  sun. 

At  the  instant  of  contact,  the  time  is  taken  with  a  stop-watch 
or  a  suitable  watch,  and  from  this  the  hour  angle  is  found.  Then, 
given  the  latitude,  hour  angle,  and  declination,  by  spherics  the 
sun's  azimuth  or  true  bearing  can  be  calculated.  With  the  sun's 
true  bearing,  and  the  horizontal  angle  between  the  sun  and  the 
object,  the  true  bearing  of  the  object  is  deduced. 

218.  True  Bearings  (T.B.). — A  *  true '  bearing  of  any  object 
is  the  angle  at  the  observer's  position  between  the  '  true '  meridian 
and  the  tangent  to  the  great  circle  joining  him  and  the  object. 

219.  The  T.B.  on  a  Gnomonic  Projection. — On  a  gnomonic 
projection  (see  p.  165),  since  all  great  circles  are  represented  by 
straight  lines,  the  *  True '  bearing  is  the  angle  between  the  true 
meridian  and  the  straight  line  joining  the  observer's  position  with 
the  object. 

220.  Great  Circle  not  a  Straight  Line  on  Mercator 
Chart. — The  straight  line  joining  the  observer  with  any  object 
on  a  Mercator's  chart  is  not  a  great  circle ;  though  the  difference 
between  it  and  a  great  circle,  when  the  distance  is  within  5  miles, 
is  negligible  in  ordinary  working  latitudes. 

221.  Mercatorial  Bearing. — The  angle  between  the  true 
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meridian  and  the  straight  line  joining  the  observer  with  an  object 
on  a  Mercator's  chart,  is  a  *  Mercatorial '  bearing. 

222.  Difference  between  True  cuid  Meroatorial  Bear- 
ings.— The  difference  between  a  True  and  a  Mercatorial  bearing 
is  due  to  the  conyergency  of  the  meridians,  a  fact  which  is  not 
shown  on  a  Mercator's  chart ;  and  one  differs  from  the  other  by 
half  the  convergency  of  the  meridian  nearly  (see  p.  171). 

223.  Convergenoy  Neglected  on  a  Plan. — The  distance 
on  a  Plan  being  less  than  can  be  practically  affected  by  con- 
vergency, convergency  is  neglected. 

224.  Use  of  True  Meridian  on  a  Plan. — If,  on  a  plan,  the 
T.B.  of  one  fixed  point  from  another  is  determined,  then  the  true 
meridian  can  be  projected  relative  to  the  line  joining  the  two 
fixed  points,  and  consequently  the  Plan  placed  on  its  right  slue. 

225.  Fixing  by  True  Bearings.— The  T.B.  of  any  object 
from  a  fixed  point,  laid  off  from  the  true  meridian  as  zero, 
will  give  a  line  of  reference  from  that  fixed  point  through  the 
object;  and,  in  conjunction  with  similar  lines  of  reference 
projected  from  other  points,  will  enable  that  object  to  be  fixed 
by  true  bearings. 

This  manner  of  fixing,  or  of  obtaining  a  line  of  reference,  is 
adopted  for  a  position  some  distance  from  land,  or  some  distance 
inland,  from  whence  two  (for  an  absolute  fix)  or  perhaps  only  one 
object  may  be  visible,  this  latter  merely  giving  one  line  of 
reference;  as,  for  example,  when  fixing  the  position  of  a  light- 
ship, or  a  buoy,  or  for  a  line  of  reference  to  a  point  at  the  head 
of  a  river. 

226.  Finding  True  Meridian.->To  find  the  line  of  the 
true  meridian,  the  point  selected  for  the  observation  should  be 
at  one  extremity  of  the  plan,  and  the  true  bearing  found  of  some 
point  at  the  other  extremity  (the  further  apart  these  points  are 
the  better;  see  fig.  85,  p.  122,  par.  265). 

Time  to  Observe.— The  sun's  azimuth  changes  least  when 
it  bears  about  east  or  west,  and  most  when  the  bearing  is  north 
or  south ;  consequently  an  error  in  time,  equivalent  to  the  error 
in  an  observation,  will  make  the  minimum  corresponding  error  in 
azimuth  when  the  sun  bears  about  east  or  west ;  therefore  the 
best  time  to  observe  is  when  it  is  nearest  that  bearing — ^the 
altitude  should  not  be  less  than  about  20".  For  an  error  in  lati- 
tude, the  corresponding  error  in  azimuth  is  greatest  when  the  sun 
is  east  or  west,  but  as  a  problem  in  surveying  the  probable  error  in 
latitude  will  be  so  small  as  to  be  negligible ;  if  it  is  not  so,  then 
no  definite  statement  can  be  made  as  to  the  best  time  to  observe 
so  that  the  errors  in  H.A.  and  in  latitude  cancel  each  other. 

2t27.  Object  to  Take  with  it. — As  regards  the  position  of 
the  object  relative  to  that  of  the  sun;  at  par.  131,  it  has  been 
demonstrated  that  the  difference  between  the  horizontal  angle 
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and  the  angular  measurement  varies  as  the  cos  altitude  and 
distance  apart,  i.e.,  the  inclination,  in  fact.  Hence,  the  lower 
the  altitude  the  better,  and  the  smaller  the  angle  of  inclination 
between  the  objects,  the  better. 

Also,  for  an  error  in  the  observer's  position,  a  projected  line  of 
reference  making  a  small  angle  with  the  zero  of  reference,  makes 
the  least  error  in  the  line  projected  (see  Appendix  II.,  p.  438). 
Hence  the  nearer  the  zero  line  of  reference  is  to  the  north  and 
south  line  the  smaller  will  be  the  angle  necessary  to  project, 
which  establishes  the  direction  of  the  meridian  line. 

228.  Thus,  referring  to  fig.  73,  let  0  be  the  observer,  and 
S  a  point  having  little  or  no  altitude.  When  the  sun  was  about 
east,  for  instance,  its  altitude  being  not  less  than  20*",  the  angle  is 
observed  at  0  between  S  and  the  sun. 
Suppose  it  to  be  about  100** ;  the  angle 
of  inclination  will  be  almost  negligible. 

After  calculating  the  true  bearing  of 
the  sun,  that  of  S  from  0  can  be 
deduced. 

If  S  is  a  '  fixed '  point,  the  line  0  S, 
making  a  small  angle  with  the  true 
meridian,  is  the  best  zero  line  of 
reference  from  whence  to  plot  the  true 
meridian  line. 

On  the  other  hand,  if  S  is  not  a 
point  'fixed'  in  the  charts  a  further 
angle  will  be  required  to  a  point  (A) 
which  is  'fixed,'  but  which  was  un- 
suitable for  the  first  part  of  the 
observation;  this  will  determine  the 
true  bearing  of  A,  and  from  the  zero 
line  O  A  the  true  meridian  line  will  be  established. 

229.  Solution  of  Spherical  Triangles. — Neither  the  sun 
nor  the  object  may  be  on  the  horizon,^  or  either  or  both  may  have 
an  altitude.  In  the  solution  of  the  spherical  triangles  involved 
for  the  determination  of  the  horizontal  angle  between  the  sun 
and  the  object,  it  will  be  necessary  to  draw  a  figure.  As 
being  the  most  complicated,  let  us  suppose  both  to  have  an 
altitude. 

Fig.  74  is  on  the  plane  of  the  horizon,  Z  being  the  zenith,  and 
PZS,  the  celestial  meridian,  being  the  great  circle  of  the  true 
meridian  produced  to  infinity. 

Liet  X  be  the  true  position  of  the  sun,  having  an  altitude  Xa ; 

^  The  8un*8  true  centre  is  on  the  horizon  when,  under  normal  conditions  of 
'  dip '  and  refraction,  its  apparent  lower  limb  is  about  a  semi-diameter  above 
the  horizon:  instances  of  abnormal  'dip/  ranging  from  -18'  to  +5',  are 
oommom  in  aU  latitades. 
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and  0  the  poBition  of  the  object,  having  an  altitude  Oa.  This 
altitude  was  measured  with  a  theodolite  and  found  to  be  5**  00'. 

OX^  is  an  arc  of  a  great  circle  joining  O,  and  the  apparent 
position  of  the  sim;  i.e,,  aX^  is  the  uncorrected  altitude;  and 
0  Z  X^  is  the  horizontal  angle  between  X^  and  0,  and  is  the  angle 
required.  To  calculate  it,  it  is  necessary  to  know  the  value  of 
the  three  sides  of  the  spherical  triangle  0  X^Z. 

The  observed  angle  was  taken  at  Z  between  the  point  0  and 
one  of  the  limbs  of  the  sun,  for  choice  the  nearer  limb ;  and  since 
OX^  represents  the  angular  distance  between  0  and  the  sun's 
centre,  then,  measured  angle  +  S.D.  ±  I.E.  =  0  X^ 

Z  0  =  90'  -  Oa=S5\  the  altitude  of  0  being  5*. 

Z  X^  =  90°  -  X^o,  or  90**  -  sun's  apparent  altitude. 


Now,  either  the  sun's  altitude  was  observed  at  the  same 
instant  as  was  the  angle,  in  which  case,  after  applying  the  usual 
corrections,  except  the  refraction,  the  sun's  apparent  zenith  dis- 
tance—that is,  Z  X^ — is  found. 

Then  in  spherical  triangle  ZX^O  find  angle  X^ZO,  which  is 
the  horizontal  angle  between  0  and  X  (given  three  sides  of  a 
spherical  triangle,  to  find  the  angle  opposite  X^O). 

Or,  if  the  altitude  is  not  observed,  then  it  must  be  calculated 
from  triangle  P  Z  X. 

In  which  case,  P  Z  being  the  co-latitude  =  90**  -  lat.,  P  X  is  the 
polar  distance  =  90**  -  dec,  and  Z  P  X  is  the  hour  angle. 

The  hour  angle  is  deduced  in  the  ordinary  manner  from  the 
time  by  watch,  applying  to  it  its  error  on  mean  time  of  place 
and  the  equation  of  time ;  both  the  declination  and  equation  of 
time  being  corrected  for  Greenwich  mean  time. 

Now  having  P  X,  P  Z,  and  Z  P  X,  the  side  Z  X  can  be  calculated 
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(from  two  sides  and  the  included  angle,  jBnd-thd  thitdside):-  :Tbv9/, 
is  the  true  zenith  distance;    Apply  refiuctiou'lihVoppo&rte'wk^,.    . 
and  deduce  the  apparent  Z.D.,  i.e.,  Z  X^ ;  and  with  this  quantity, 
as  before,  calculate  0  Z  X^,  that  is,  the  horizontal  angle  between 
0  and  the  apparent  position  of  X. 

It  is  only  necessary  now  to  find  the  true  bearing  of  X,  to 
which  apply  the  horizontal  angle  between  it  and  0,  to  find  the 
true  bearing  of  0. 

In  the  triangle  P  Z  X  ;  P  Z,  P  X,  and  Z  X  (the  true  zenith  dis- 
tance) are  known ;  calculate  angle  P  Z  X  (from  three  sides,  to 
find  one  angle). 

P  Z  X  is  the  true  bearing  of  X  from  Z. 

In  fig.  74,  S  Z  0  =  true  bearing  of  O  from  Z. 

=  PSZ  +  OZX-180'. 
(See  example,  par.  232.) 

230.  To  Observe  an  Angular  Measurement.— To  make 
the  actual  measurement  with  a  sextant.  First,  without  the 
telescope,  make  an  approximate  contact  be- 
tween the  sun's  limb  and  the  object ;  then 
ship  the  telescope,  hold  the  sextant  with  its 
plane  near  the  plane  joining  the  sun  and  the 
object,  and  by  twisting  the  wrist  slightly 
the  sun  is  made  to  describe  an  arc  (see 
fig.  75) :  the  contact  must  be  made  at  the 
tangent  of  the  arc. 

Obviously,  the  more  vertical  the  arc  the 
nearer  does  the  angular  measurement  ap- 
proach to  an  altitude ;  and  a  small  error  in 
the  altitude  of  the  object  will  make  a 
magnified  error  in  the  horizontal  angle; 
whereas  if  of  the  same  altitude,  or  nearly 
so,  the  error  in  the  measured  angle  due 
to  an  error  of  altitude  will  be  a  minimum. 

231.  Jeffers'  Method  of  Finding  a  True  Bearing.— The 
American  writer  Jeffers  gives  an  ingenious  method  of  finding 
the  true  bearing  of  an  object. 

A  plummet -line  suspended  in  exact  transit  between  the 
observer  and  the  object,  the  true  bearing  of  which  is  required,  is 
steadied  in  a  bucket  of  water. 

An  artificial  horizon  is  set  up  in  exactly  the  same  direction,  so 
that  the  plummet-line  in  transit  with  the  object  is  reflected 
through  it  to  the  observer's  eye. 

Now  with  his  sextant,  on  a  stand,  at  Hhe  ready,'  he  waits 
till  each  limb  of  the  sun,  in  succession,  touches  the  reflected 
plummet-line,  both  the  sun  and  plummet-line  being  reflected 
in  the  artificial  horizon.  At  each  instant  of  contact  be  also  reads 
off  the  sun's  altitude. 


Fio.  76. 


tm 
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,\  •  ^it}i^t|fe/4Maii  «ltil^ude,  and  the  other  parts  of  the  spherical 
-  Aa^la^e'Y^  X*(fig.*7^)*tHe  sun's  true  bearing  is  found ;  and,  if  the 
plummet-line  was  correctly  in  line  with  the  zero  object,  then 
angle  P  Z  X  is  the  true  bearing  of  both  the  sun  and  the  object. 

If  the  altitude  of  the  zero  object  is  sufficiently  high  that  the 
object  can  be  seen  in  the  mercury  of  the  artificial  horizon,  and 
the  plummet-line  is  motionless  as  well  as  in  exact  transit  with  it 
at  the  time  of  observation,  both  being  seen  in  the  mercury,  then 
the  observation  must  be  correct. 

There  is  an  almost  insuperable  diffictdty  in  keeping  the  plummet- 
line  perfectly  steady,  and  at  a  small  distance  away,  the  transit 
line  is  a  short  base,  when  an  error  in  position  makes  the  maximum 
error  in  the  angle  observed ;  and  it  is  for  this  reason  that  any 
angles  measured  by  these  means  are  not  recommended.  Moreover, 
to  *  catch '  the  movement  of  the  sun  in  altitude  as  well  as  its 
contact  with  the  plummet-line  is  not  an  easy  observation. 

232.  Calculation  of  True  Becuing  through  a  Calculated 
Altitude. — The  following  is  an  example  of  the  calculation  of  a 
True  bearing  obtained  at  Greenwich,  where  one  observer  takes 
the  angle  between  the  sun  and  the  object,  while  his  assistant 
takes  the  time : — 

Lat.  5V  28'  56"  N.,  long.  1-4  W.,  14th  September  1905. 
Watch  time,  10»*  04"  00-5.     Obsy.  staff,  74'  13  |©  .  I.E.  +  3'. 
Comparison  of  watch  on  chr.,  3**  58™  48»-2  slow. 
Error  of  chr.,  l^  16"^  4«  slow  on  G.M.T.     Alt.  of  obs.,  5"  00'. 


m 


Watch 
Compn. 


10  04  00-5 
-h   3  58  48-2 


Error  of  Chr.  +  0     1  164 


G.M.T. 


2  04  051 


// 


Dec.      3  34  31  N. 
change  -0     2  00 


3  32  31  N. 
90    0     0 


P.D.    86  27  30 


change  57*5 
21 


60 


120-75 


2  00 


m 


d.  long. 

M.T.P. 
Eq.  T. 


App.  T. 


0     0     1-4  W. 


2  04  03*7 
+    04  19-8 

2  08  23-5 


Eq.  T.       4  17-9+       change     9  + 

21 

change  +0     1*9  

1-9 


4  19-8 


InAPZS(fig.  76)PZ  = 

PX 


90'-lat.   =38' 31' 04' 
:  90'  -  dec.  =  86"  27'  30" 


ZPX  =  2  08  23-6 
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lod 


To  find  Z  X. 

Loghav     2  08  23*5  =  8*883205 


II 


Log  sin       38  31  04  =  9-794308 
sin       86  27  30  =  9*999170 


>9 


Diff.  47  56  26    8676683  loghav 

Log  vers.    25  lO  30-0094986 


25'  10'  30" 


)9 


» 


47  56  26-0330112 


Log  vera.  0425098  =  54"  54'  26' 


Z  S,  the  true  Z.D.  =  54  54  26     True  alt.  =  35  05  34 
Refm.  for  altitude  +  0     1  23 


// 


App.  Z.D. 


54  55  49  =  Z  X^  in  spherical  triangle  Z  O  X^ 


I 
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In  APZX,  tofindPZX. 

Log  sec.  lat.    b\  28  56 -  10205681 
Alt.    35  05  34  -  10087123 


16  23  22 

P.D.     86  27  30 

Log  \  hav  102  50  52 

70  04  08 


-  4-893092 

-  4-758960 


Hav  9-944846  =  N.  139'  35'  W. 
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North,  because  declination  is  N. ;  and  W.,  because  the  hour 
angle  (H.A.)  is  P.M. 

T.B.  of  sun's  centre  (©)  N.  139*  35'  W. 
In  A  Z  XiQ  (fig.  77), 

ZXi»54  55  49 

Z  0  =85"  00'  00"  (alt.  of  0  being  5") 

0  X*  =  obs.  angle  +  S.D.  ±  I.E. 

Obs.  angle  =  74**  01',  the  object  being  to  the  left  of  the  sun's 
left  limb. 

S.D.+  6  16 
I.E.  +  03 


OX^  B  74  20,^  angle  to  centre  of  apparent  sun. 

In  triangle  Z  X^O,  to  find  O  Z  X^. 

Log  cosec  Z  0  85  OO'  00  =  10-001656 
Z  XI  54  55  49  - 10-087007 


99  » 


30  04  11 
0X1    74  20    0 


Log  J  hav      104  24  11  =4-897722 

44  15  49  =  4-576042 


)>        )> 


log  hav.   9-562427  =  74*  21'* 

Then  0  Z  X^  =  74°  21' :  this  is  the  horizontal  angle  between 
X^  and  0. 

The  true  bearing  of  0  is  8  Z  0,  P  Z  S  being  the  true  meridian 
through  the  zenith  (Z). 

SZO-PZX  +  XiZO-180' 

PZX=139  35 
XiZO-   74  21 


213  56 
180  00 


SZO  =  S  33  56  E 

*  It  happens  to  be  a  very  tmusual  coincidence  that  the  observed  angular 
distance  is  practically  eqiud  to  the  horizontal  angle,  where  tiie  altitudes  are 
so  widely  different. 


TRUE  BEABINO&  105 

Example  of  a  true  bearing  of  an  object  being  determined  by  one 
observer  with  a  iextant,  taking  alternately  the  aim's  altitude  amd  its 
angular  distance  to  an  object  (see  note,  p.  106). 

The  case  is  applicable  when  either  there  is  no  chronometer,  or 
when  its  error  on  G.M.T.  is  not  known  accurately. 

The  observer  starts  by  taking  the  sun's  altitude  in  the  artificial 
horizon ;  then  he  measxires  the  angular  distance  between  the  sun 
and  the  object  with  another  sextant;  then  again  the  altitude, 
followed  by  another  angle,  and  so  on,  eventually  finishing  up  with 
the  altitude. 

He  should  try  and  space  his  times  so  that  the  middle  time  of 
the  altitudes  corresponds  very  nearly  with  the  middle  time  of  the 
angles ;  for  if  these  do  not  nearly  agree,  the  altitude  corresponding 
to  the  middle  time  of  the  angles  will  have  to  be  interpolated,  as 
is  the  case  in  the  following  example. 

Example.— At  Z,  lat  51**  29'  N.,  long.  22"  W.,  at  about  330  p.m., 

5th  June,  to  find  the  true  bearing  of  ^^  object  on  the  horizon. 

The  altitude  was  taken  in  an  artificial  norizon,  and  the  angular 
measurement  with  a  sextant. 


Watch  time. 

Alt.  0. 

Angle. 

Time  by  W. 

h      m      s 

•      1 

3  25  46 

79  40 

o             s 

h     m     8 

^ 

106  31 

KD 

1  3  26  32 

3  27  38 

80  10 

■^ 

105  25 

i^»^ 

3  28  20 

3  29  33 

80  40 

104  40 

3  30  00 

3  31  27 

81  10 

103  34 

3  31  50 

3  33  23 

81  40 

Mean  3  29  33 

80  40 

105  02 

3  29  10 

Approximate  M.T. 

h     m 

3  29 

Long. 

0  00 

G.M.T. 

3  29 

Dec.  22 

32 

14"n.   +16-6 

0 

0 

52              3-5 

22 

33 

12            581 

P.D.  67 

26-48 

Difference  between  the  mean  time  of  alt.  and  of  angle  =  23  sees. 

The  alt.  changed  2*  (from  79'  40'  to  81'  40')  =  120'  in  7°>  37» 
(from  3^  25"^  46»  to  3^  33»  23«).     How  much  will  it  have  changed 

in  23  sees?    7»  37« :  23» : :  120':a;;  a?  =  ^^21^;  this  equals  6'. 

I        Of 


106 


HTDBOORAPHIO  SUBVSTING. 


The  middle  alt.  is  80'  40'  at  3^  29»  33* ;  therefore  the  alt.  at 
3h  29»  10-  is  80'  34'. 


9  I  0i 


Obsd.  alt.     80  34    0  G 
I.E.  +         6  10 


80  40  10 


R.  ifcP. 

T.A.  e 
Z.D. 


40  20  05 
1  03 

40  19  00 
49  41     0 


Log  cosec  co-lat. 
Log  cosec  Z.D. 


/# 


38  31     0     10-205691 
49  41     0     10117772 


11  10    0 
P.D.    67  26  48 


Log  J  hav  78  36  48  4-801728 
Log  I  hav  56  16  48  4*673600 


Fio.  78. 


Hav  9-798791  =  104*58'30"  =  T.B.  © 

In  A  X  Z  ^  (fig.  78),  cobX-0.  ^cosZ.sinZX 

cosZ  s cos  X  <^..  cosec  ZX 

X-A.  =ob8.  angle  ±S.D.±LEr 
^  =105' 02' 
S.D.  +  I.E.=     0'16' 


Angle  to  ©      105'  18' 
Log  cos  105M8'   9-421395 

Log  cosec  ZX  49'*  41'  10-117772 


n 


Cos  9-539167 »   68  45  15  «:Z 

180  00 


Since  the  sign  of  Z  is  - ,  then  -^      11115        ~  horizontal  angle 
from  above,  T.B.  0  «  N.  104  58  W. 


.-.  T.B.  of  ^    N.  216  13  W.«S.  36'  13'  E. 

Note. — This  form  of  observation  can  be  undertaken  by  two  observers.  In 
such  a  case  the  altitude  and  angle  are  taken  simultaneously,  and  there  is  no 
need  to  interpolate  ;  and,  if  obMrved  with  '  equal  altitudes '  on  each  side  of 
the  meridian,  '  errors  of  observation '  will  be  reduoed  to  a  minimum  :  in  this 
manner  more  rigid  accuracy  is  obtained  than  in  the  '  time  anmuth,'  p.  102. 


CHAPTER  XV. 
TRUE  BBABING. 

233.  To  Fix  a  Position  by  True  Bearings.— When  from 
any  point  the  true  bearing  is  obtained  of  any  *  fixed  '  object,  if  this 
reversed  bearing  is  projected  fr<m^  ike  fixed  object^  the  line  is  one 
of  reference  to  the  point;  and  such  true  bearings  to  two  fixed 
objects  will  give  two  lines  of  reference  with  which  the  point  may 
be  fixed. 

This  method  of  fixing  a  position  is  one  of  necessity,  and  arises  in 
those  cases  where  the  fixed  objects  are  both  distant  and  inaccessible. 

234.  Example, — Let  it  be  required  to  fix  the  position  of  the 
Tongue  Lightship  at  the  Thames  entrance. 

Suppose  it  be  necessary  for  the  observer  to  take  his  angles  from 
the  crow's-nest  of  the  light- vessel,  the  objects  on  shore  being 
otherwise  indistinct  or  invisible. 

From  position  T  (fig.  79),  at  sunrise,  the  angle  is  taken  between 
F  (Foreland  Lighthouse)  and  the  sun :  time  is  taken  with  a  watch, 
compared  with  a  chronometer,  and  so  on,  and  the  hour  angle 
deduced. 

For  convenience,  and  also  for  accuracy's  sake,  the  sun  will  be 
on  the  horizon  (see  par.  227),  and  the  angular  measurement  will 
practically  be  the  horizontal  angle. 

When  the  sun  is  on  the  horizon,  the  zenith  distance  =  90* ;  and 

+  ± 

the  sin  Az.  =sin  h.a.  x  cos  (90*  +  dec). 

Apply  the  proper  signs  to  each  quantity  (see  Appendix  IIL, 
p.  4i0),  and  +  x-  =  -,-x-=4-;  and  if  sin  Az  is  - , 
then  subtract  it  from  180*,  as  in  Example,  p.  105,  par.  232. 

This  gives  the  true  bearing  (T.B.)  of  the  sun's  true  centre. 

For  all  practical  purposes  of  this  nature  of  fixing,  the  horizontal 
angle  to  the  sun's  true  centre  is  equal  to  the  angle  to  its  apparent 
centre,  when  the  sun  is  of  the  same  altitude  as  the  object  observed. 

If,  then,  this  angle  is  applied  to  the  sun's  T.B.,  the  result  will 
be  the  T.B.  of  the  object. 
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Then  from  F,  a  fixed  point  on  the  Mercator  chart,  the  true 
bearing  of  T  can  be  projected  from  the  Mercatorial  meridian 
(see  Convergency  and  Mercatorial  Bearings,  pp.  98  and  172) :  this 
is  a  line  of  reference  from  F  to  T  (F  to  T  is  about  10  miles). 
ir.-B. — Convergency  has  been  neglected. 

Without  changing  his  position,  the  observer  can  now  take  the 
angle  between  F  and  R  (Reculvers  Church  steeple).  This  angle 
applied  to  the  T.B.  of  F  gives  the  T.B.  of  R  from  T,  and, 
conversely,  the  T.B.  of  T  from  R. 

If  this  bearing  is  laid  off  from  R,  RT  is  the  second  line  of 
reference,  and  at  the  intersection  of  RT  and  FT  will  be  the 
position  of  T. 


L  l>y  Pole  Star., 


This,  however,  does  not  quite  conclude  the  matter,  because 
there  is  nothing  to  indicate  that  either,  or  both,  of  these  lines  of 
reference  projected  are  either  correct  in  bearing  or,  supposing  the 
observation  to  be  without  error,  are  correctly  projected ;  for,  even 
given  both  in  error,  the  error  being  small  or  large,  the  two  lines 
must  intersect  somewhere. 

Then  it  must  be  necessary  to  obtain  a  third  line  of  reference 
as  a  check. 

235.  True  Bearings  with  Astronomioal  Fixing. — The 
best  direction  of  a  *  check '  line  of  reference  is  one  at  right  angles 
to  either  RT  or  FT. 

There  happens  to  be  nothing  in  the  vicinity,  so  that  recourse 
must  bo  had  to  a  celestial  body  for  a  line  of  position. 

In  this  particular  instance  the  Pole  Star  will  suit  admirably, 
and  from  it  a  latitude  is  obtained. 

This  line  of  latitude  will  be  east  and  west,  and  should  pass 
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through  T,  if  T  is  correct ;  but  it  is  equally  sure  not  to  be,  under 
the  conditions  (see  dotted  lines  in  fig.  79,  and  Example  on  p.  331). 

Besides  errors  of  observation  in  the  true  bearings,  and  the  error 
in  the  position  of  R  and  F  on  a  distorted  chart,  there  is  yet  the 
correction  for  convergency  (see  p.  171),  which  will  probably  be 
neglected  in  this  case ;  and  there  is  the  error  of  observation  in 
the  Pole  Star  (see  Errors  of  Sea  Horizon^  par.  123,  and  Errors  on 
Projecting  the  Lines  of  Reference :  see  Prot/raetory  p.  53). 

The  error  of  position  will  not  be  large;  in  fact,  it  will  be 
inappreciable  for  the  purposes  that  a  light-vessel  fulfils,  and  not 
more  than  probably  her  circle  of  swing.  The  example  is  given, 
simply  to  show  how  true  bearings  can  be  applied  for  purposes  of 
fixing,  and  that  a  rough  check  can  be  obtained  by  an  astronomical 
observation. 

It  is  still  possible  to  obtain  more  lines  of  position  in  connection 
with  the  light-vessel  by  means  of  other  twilight  stars,  suitably 
selected  (see  works  on  navigation). 

236.  True  Bearings  with  a  Triangiilation. — Or,  abandoning 
the  star  method  of  checking  the  fix,  make  a  small  triangulation 
by  the  true  bearings  only,  the  check  being  an  angle. 

Using  the  same  figure  (79),  let  the  ship  take  up  a  position  near 
S  so  that  a  line  of  reference  projected  from  it  will  cut  R  T  or  F  T 
at  nearly  a  right  angle. 

From  this  position  of  the  ship,  find  the  T.B.  of  F  (this  might 
be  done  when  the  sun  was  setting),  and  measure  the  angle  between 
F  and  R ;  from  this  angle  will  be  deduced  a  T.B.  of  S  from  R. 

Now  from  positions  F  and  R  project  from  the  true  meridian 
the  lines  of  respective  reversed  Mercatorial  bearings.  Suppose 
them  to  intersect  at  S. 

Provided  the  errors  of  observation  are  consistent  in  both  sets 
of  true  bearings,  and  the  lines  are  not  projected  in  error,  then 
positions  T  and  S  are  both  correct  relative  to  F  and  R,  whatever 
the  error  in  the  positions  of  F  and  R  are. 

The  line  checking  the  accuracy  of  the  work  will  emanate  from 
angle  T  S  R ;  if  T  S  R  is  observed  and  projected  at  S  from  the  line 
S  R ;  then  if  this  line  of  reference,  which  cuts  R  T  nearly  at  a 
right  angle,  passes  exactly  through  T  as  plotted  from  R  and 
F,  then  both  S  and  T  are  correctly  *  fixed'  relative  to  R,  F, 
4jn<i  S.  R  to  F  practically  being  the  'plotting  side':  R  to  F 
represents  the  scale,  inasmuch  as  their  distance  apart  on  the 
paper  is  measured  by  the  scale  of  the  chart. 

If  their  stated  distance  differs  from  their  true  distance  apart, 
then  the  scale  of  the  work  is  not  on  the  same  scale  as  that  of  the 
chart,  but  on  an  arbitrary  scale,  depending  upon  the  true  length 
of  R  F.  For  purposes  of  plotting,  should  the  scale  of  the  chart 
be  too  small,  the  line  R  F  can  be  drawn  any  length,  and  S  and  T 
plotted  as  before,  whatever  the  scale  may  be  (see  ErUwrging^  p.  341). 
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The  relative  poeitions  of  R,  F,  S,  and  T  are  correct ;  but  the 
distance  between  them  will  not  be  as  measured  from  the  scale  on 
the  chart,  but  by  a  scale  in  which  R  F  in  inches  of  paper  repre- 
sents their  true  distance  apart  in  miles  or  yards  or  feet. 

237.  Difference  between  Astronomical  Position  and 
Triangulation  in  Short  Disteuices. — If,  it  may  be  suggested, 
astronomical  lines  of  position  are  introduced  in  addition  to  the 
triangulation,  the  following  will  occur: — 

The  Pole  Star  was  used  for  an  east  and  west  line  of  position  at 
T;  if  the  same  body  is  used  at  S,  though  both  observations 
will  separately  be  in  error,  the  difference  between  the  results 
should  give  a  difference  of  latitude  to  within  possibly  one  mile. 

If  the  same  twilight  star  or  stars,  bearing  as  near  as  possible 
east  or  west  or  both,  are  used  for  the  determination  of  longitude 
in  both  positions,  S  and  T,  then  the  error  in  the  difference  of 
longitude  deduced  between  S  and  T  should  also  be  about  one  mile. 

The  total  result  is  an  dstronomiccU  d.  latitude  and  d.  longitude, 
combined  with  a  d.  latitude  and  d.  longitude  by  triangulation. 

Now  it  must  not  be  forgotten  that  errors  in  astronomical 
observations  are  minutes  of  arc  and  mean  miles ;  while  the  accumu- 
lated errors  incidental  to  a  triangulation,  though  minutes  of  arc, 
produce  only  errors  in  fractions  of  a  mile:  for  instance,  in  a 
distance  of  10  miles,  an  error  10'  of  arc  in  projecting  a  line  10 
inches  long  —about  200  feet;  hence  the  error  in  difference  of 
latitude  and  of  longitude  astronomically  is  really  out  of  all 
proportion  to  the  error  in  two  positions  a  few  miles  apart  as  found 
by  true  bearings  and  angles;  therefore  astronomical  lines  of 
position  do  not  assist  as  much  as  one  would  expect  in  such  a  case 
as  this. 

238.  Astronomical  Position  necessaiy  when  only  One 
Line  of  Bearing. — But  supposing  only  one  shore  object  visible, 
whose  correct  position  is  known,  then  a  true  bearing  obtained  of 
it  gives  one  line  of  reference  ;  and,  astronomical  lines  of  position 
combined  with  this  line  are  unavoidable  to  fix  the  position  of  the 
ship  or  buoy. 

In  such  a  case,  with  well-selected  celestial  bodies,  the  position 
will  be  more  accurately  fixed  than  any  form  of  practical  navigation 
can  find  in  error. 

239.  A  Rough  Line  of  True  Bearing  is  a  Line  of 
Reference. — Another  purpose  that  a  true-bearing  line  serves 
is  best  illustrated  by  the  following  fact. 

A  pearl-shell  lugger  off  the  north  coast  of  Queensland  had 
tumbled  upon  a  small  rocky  patch,  on  which  she  anchored.  In 
the  attempt  to  define  its  position,  the  master  was  only  able  to 
afford  the  information,  that,  from  his  anchorage  the  top  of  the 
mast  and  the  light  of  a  light- vessel  in  the  vicinity  were  just 
visible,  and  that  the  sun  set  about  2  inches  to  the  right  of  it. 


TRUE  BEABIKQ.  Ill 

Given  the  day  of  the  month  and  the  year,  it  was  possible  to 
calculate  the  sun's  true  bearing  from  an  approximate  position 
of  the  lugger:  allowing  2  inches  to  be  perhaps  5"*,  this  angle 
applied  to  the  true  bearing  of  the  sun  gave  the  T.B.  of  the  light- 
vessel,  and  when  laid  off  from  her  position,  gave  an  approximate 
line  of  reference  to  the  shoal  within  perhaps  10* :  allowing  a 
margin  of  a  mile  on  either  side,  would  make  the  distance  between 
8  and  10  miles  since  the  height  of  the  light- vessel's  mast  was  about 
40  feet. 

Courses  were  steered  on  lines  converging  to  the  light-vessel, 
spread  over  10*  each  way  of  the  supposed  bearing,  for  a  distance 
ranging  from  5  to  10  miles.  The  whereabouts  of  the  shoal  was 
located  exactly,  and  eventually  fixed  by  the  intersection  of  one  line 
of  true  bearing  from  a  distant  island,  and  numerous  astroTiomical 
lines  of  position. 

In  justice  to  the  master  of  the  lugger,  great  credit  is  due  to 
him  for  the  unconventional,  though  unconsciously  resourceful, 
manner  of  his  observations ;  and  it  was  a  far  more  correct  report 
of  the  position  of  a  shoal  than  the  hundreds  of  others  which 
followed,  and  which  in  most  cases  depended  on  most  accurately 
observed  compass  bearings,  given  to  a  quarter  of  a  point,  of  the 
most  distant  land  visible — irrespective  of  the  state  of  the  tide  or 
state  of  the  compass — or  of,  usually,  what  was  called  the  'end 
of  the  land';  while  islands,  beacons,  and  well-fixed 'summits  were 
dotted  in  profusion  round  and  near  them. 

240.  Fixing  the  Head  of  a  River.— On  arriving  at  the 
head  of  a  river,  the  absence  of  objects  suitable  to  fix  by,  is  a 
parallel  case  to  that  of  a  ship  having  only  one  or  perhaps  two 
distant  objects,  or  even  none  at  all,  to  fix  by  (see  pars.  237 
and  238). 

As  in  the  case  of  a  ship,  if  there  is  nothing  in  sight,  astronomical 
observations  by  artificial  horizon  must  be  adopted ;  but  on  shore, 
the  errors  of  observation  being  less  than  that  with  a  sea  horizon, 
the  results  will  be  more  accurate  (see  Latitvde  by  Ex,  Meridiana 
(Appendix  IV.)  and  Longitude  depending  upon  '  Absolute '  Altitttdes 
(p.  38,  par.  114),  or  by  Meridian  Distances  with  Equal  Altitudes 
(Chapter  XII.,  p.  415). 

If  from  any  position  up  a  river  one  fixed  object  in  the  distance 
can  be  sighted,  or  the  converse,  then  a  line  of  true  bearing  can 
be  found,  which  will  give  a  line  of  reference  from  one  position 
to  the  other.  This  will  be  a  '  check '  in  direction  of  the  position 
of  the  observer  found  by  the  triangulation  up  the  river;  for, 
in  the  triangulation,  the  errors  in  the  triangles  and  of  plotting 
are  accumulating. 

If  the  ascertained  true-bearing  line  is  at  right  angles  to  the 
general  trend  of  the  river,  it  will  serve  as  a  check  to  the  total 
distance  from  its  mouth,  and   each  triangulated  distance  from 
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point  to  point  can  be  readjusted  for  the  whole  error  (see 
Tria/ngtUation  of  a  Eiver,  p.  244,  par.  443).  Should  the  ascer- 
tained line  of  true  bearing  be  nearly  paraJlel  with  the  general 
direction  of  the  river,  it  checks  the  slue,  and  the  angles  of  the 
triangulation  might  require  readjusting. 

In  addition  to  the  line  of  true  bearing,  it  may  be  necessary  to 
obtain  astronomical  lines  of  position ;  and  that  for  latitude  is 
probably  simpler  and  easier  to  obtain  correctly  than  that  for 
longitude ;  for  an  error  in  the  hour  angle  in  the  one  makes  a 
less  corresponding  error  in  latitude  than  the  same  error  could 
make  in  longitude ;  hence  an  east  and  west  astronomical  line 
would  probably  be  easier  to  take,  and  more  accurate  when  taken, 
than  a  north  and  south  line  of  position;  consequently  a  north 
and  south  line  of  tms  bearing  would  be  of  the  greatest  value. 

241.  By  Two  True  Bearings. — Where  two  fixed  objects  are 
visible,  the  true  bearing  of  one  may  be  observed  and  the  true 
bearing  of  the  other  deduced  from  an  angle  between  them. 

These  two  true  bearings,  with,  if  necessary,  the  convergency 
correction  applied,  projected  at  the  fixed  objects  from  the 
Mercatorial  meridian,  i.e.y  the  north  and  south  line  drawn  on 
the  paper,  will  give  the  position  of  the  observer. 

The  value  of  such  a  fix  will  depend  upon  the  receiving  angle  at 
the  observer's  position  and  the  distance  of  the  objects  (see  par. 
183),  just  the  same  as  was  shown  in  Example^  par.  234. 


CHAPTER  XVI. 


HEIGHTS. 

242.  Vertical  Sextant  Angles :  '  Spherical '  Sides.—  The 
vertical  angle  of  measurement  of  any  object  is  its  altitude,  i.e., 
the  angle  between  the  horizontal  plane  and  the  line  joining  the 
observer's  position  with  the  object.  Dealing  with  a  terrestrial 
object,  such  an  angle  is  known  as  its  angle  of  elevation.  In  fig.  80 
the  altitude  of  the  sun,  X,  above  the  horizontal  plane  of  the  sea 
horizon  is  the  spherical  length  of  the  arc  XH,  part  of  a  great 

circle  ZH;  HH^  being  the  celestial 
horizon,  ue.,  the  terrestrial  horizon  pro- 
duced to  infinity. 

If  0  in  fig.  81  be  an  observer,  V  the 
visible  horizon,  O  V  produced  to  infinity 
will  be  the  celestial  horizon. 

In  the  celestial  concave,  Z  P  and  Z  H 


Fio.  80. 


Fio.  81. 


(fig.    80)  are  great  circles  passing  through  Z   at  a  practically 
infinite  distance  from  the  observer. 

All  the  triangles  in  fig.  80  are  spherical  triangles,  while  those 
in  fig.  81  are  plane  triangles. 

243.  Vertical  Angles  in  Plane  Triangles. — But  when  the 
object  is  on  the  surface  of  the  earth,  and  the  view  is  bounded  by 
the  visible  horizon,  then  the  altitude  of  an  object  is  considered  to 
be  the  angle  of  elevation  in  a  plane  right-angled  triangle,  having 
for  base  the  distance  from  the  observer  to  the  base  of  the  object, 
and  for  the  '  perpendicular  *  its  height. 

In  triangle  SO  V  (fig.  81),  SOV  is  the  angle  of  elevation  of  S 
above  the  horizon  line  0  V,  and  0  V  is  the  distance  of  0  from  V 
as  plotted  on  the  chart ;  and  S  Y  (the  height  in  feet)  «  0  V  (the 
distance  in  feet) . tan  SOV. 
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The  horizontal  line  O  V  is  then  the  zero  line  for  elevations,  and 
when  using  a  sextant  it  is  necessary  that  this  imaginary  line 
shall  be  accessible  without  interruption  for  its  whole  distance  in 
order  to  measure  the  angle  S  0  V. 

The  horizontal  distance  of  V  from  0  varies  with  the  height  of 
the  eye  above  the  surface.  If,  for  instance,  0  F  is  5  feet,  OV  =  2*5 
miles  (see  Inman'i  Tables). 

In  fig.  81,  taking  0  F  as  5  feet  and  0  V  2  J  miles,  then  V  is 
exactly  on  the  zero  line  0  V,  and  the  angle  S  0  V  can  be  observed. 

244.  Shore  Horizon.— But  if,  as  in  fig.  82,  V^  is  the  point  to 
which  S  is  reflected,  the  horizon  OV  being  interrupted,  then 
S  0  VMs  the  angle  observed,  while  S  0  V  is  the  angle  of  elevation. 

B 


Fio.  82. 

This  point  V^  represents  the  nearest  point  on  the  shore  in  line 
with  the  summit  S ;  hence  the  angle  is  measured  to  a  substituted 
zero  line  OY^,  known  as  a  'shore  horizon'  line ;  and  the  angle  is 
too  large. 

The  amount  of  the  correction,  V  O  V^  will  depend  upon  O  V, 
which  varies  as  OF,  and  upon  OY^  the  distance  of  the  shore; 
hence  necessity  for  the  use  of  the  table  of  the  *dip  for  shore 
horizon '  (see  Inman*8  Tables,  and  Appendix  IX.,  p.  461). 

The  correction  changes  very  rapidly  when  0  V  or  0  F  are  large 
and  0  V^  is  small ;  and  an  error  in  either  0  F  or  0  V,  when  O  F 
is  large  and  O  V^  small,  will  make  a  lai^e  error  in  the  correction 
to  the  observed  angle,  and  in  the  consequent  error  in  the  height. 
S  V  =  0  V .  tan  S  O  V ;  the  tangent  of  small  angles  changing  very 
rapidly,  the  error  will  increase  inversely  as  the  size  of  the  angle. 

0  F  is  the  height  of  0  above  the  water-line,  and  0  V^  must  be 
measured  on  the  chart  from  0  to  the  point  at  the  water's  edge, 
where  the  shore  meets  it.  Evidently  the  correctness  of  this 
distance  will  depend  upon  the  accuracy  of  the  coast  at  V,  as 
plotted  on  the  chart,  at  the  point  where  the  water-line  meets  the 
line  O  Y^.  The  correction  taken  from  Inman^s  Tables  subtracted 
from  the  observed  angle  will  bring  it  to  an  horizontal  angle  SOY. 

S  y  is  the  height  of  S  above  0,  and  0  V  is  the  level  of  the  sea 
at  the  time  of  the  observation. 

246,  Beduoing  Heights  to  H.W.S.  Datum. — All  heights 
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on  the  chart  are  shown  aa  measuied  from  high-water  springs; 
hence  the  position  of  O  relative  to  H.W.S.  must  be  deduced. 

For  example,  if  0  F  —  30  feet,  and  it  is  half-tide  at  the  time  of 
observation,  and  if  spring  tides  rise  20  feet,  then  at  half-tide  the 
tide  is  10  feet  below  the  level  of  H.W.S. 

If  the  observer  is  30  feet  above  half-tide,  and  half-tide  is 
10  feet  below  H.W.S.,  then  the  observation  is  taken  at  a  level 
20  feet  above  H.W.S.,  and  that  quantity  will  be  added  to  SV 
to  indicate  its  height  above  H.W.S. 

246.  Heights  by  Sea  Horizon:  Correction  for  Curva- 
ture.— The  second  case  is  where  the  zero  line  O  Y  (fig.  83)  pro- 
duced cuts  off  a  part  of  the  height,  t.^.,  where  the  base  of  the 
hill  is  beyond  the  distance  of  the  visible  sea  horisson  shown  bj 
0  V.  Here  S  0  X  is  the  observed  angle  of  visible  elevation,  while 
S  0  V*  is  the  angle  subtended  by  S  V^ ;  and 

SOVi  =  SOX  +  correction  (VOVi). 

V  0  V^  being  small, 

S  yi  =  O  V^ .  tan  S  O  yi  very  nearly  «  0  V^  tan  (S  0  X  +  correction). 


Fig.  88. 

The  correction,  including  refraction,  is  25''  for  every  mile  in 
distance  0  V^,  and  is  always  + :  or  see  footnote. 

The  necessary  addition  must  be  made  to  S  V^  to  find  its  height 
above  H.W.S.  where  the  observation  is  made  from  a  position 
afloat  (as  described  in  par.  245). 

247.  Heights  on  Charts. — All  charts  give  the  height  above 
high-water  ordinaiy  springs  of  prominent  mountains,  hills, 
hillocks,  cliffs,  summits  of  islands,  lighthouses,  and  rocks. 

High-water  ordinary  springs  (H.W.O.S.)  is  adopted  in  the  datum 
for  heights  as  the  zero,  because  for  a  given  height  the  least  dis- 
tance it  is  visible  is  at  H.  W.O.S. ;  at  any  other  state  of  the  tide  the 
objects  will  be  visible  at  a  greater  distance :  obviously  so,  because 
their  height  relative  to  the  level  of  the  observer  is  higher. 

In  the  case  of  lighthouses,  summits  of  islets,  or  rocks  the  height 
is  stated  with  all  possible  accuracy ;  this  height  being  used  in 
navigation  for  determining  the  distance  and  for  fixing.^ 

^  When  the  angle  of  elevation  is  small  (under  7"*). — Let  9f'  be  the  angle. 

Circular  measure  of  an  angle  r  ^  *™  ^*  »^t>t«^ds 

radius  of  the  arc 

[Contimted  overleaf. 
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a48«  Use  of  Vertioal  Danger  Angle.— The  angle  of  eleva- 
tions of  these  may  be  used  if  required  as  a  *  vertical  danger  angle ' ; 
ft>r,  given  the  height  and  the  distance  it  is  deemed  safe  to  navigate 
from  the  point,  the  corresponding  angle  of  elevation  can  be  found: 
height  in  feet  ^  ^^  ^^  ^^  ^i,^.  j^  ^^3.  of  arc  =  height  in  feet  x  34 
dtst  in  feet  dist.  m  miles 

(See  footnote,  pp.  115,  116.) 

This  angle  is  that  subtended  by  the  height  stated  at  a  given 
point  on  the  sea-level  of  H.W.O.S. ;  and  this  point  or  position  is 
consequently  on  an  arc  of  a  vertical  circle  passing  through  the 
position  of  the  observer,  the  object,  and  a  point  vertically  beneath 
\U  To  increase  the  angle  is  to  bring  the  arc  of  position  passing 
through  the  observer  nearer  the  shore  ;  and,  conversely,  to  reduce 
it  is  to  recede  from  the  land.  The  height  of  objects  likely  to  be 
used  for  such  a  purpose  should  be  well  determined. 

The  calculated  positions  will  always  be  nearer  the  shore  than 
the  true,  except  at  H.W.O.S. ;  if,  on  the  other  hand,  the  heights 
were  given  from  L.W.O.S.,  then  the  true  position  would  always 
be  nearer  the  shore  than  the  observed.  Evidently  the  H.W.  datum 
is  a  safer  one,  and  is  consistently  used  for  all  heights.  If  the  cor- 
rection for  dip  is  omitted,  the  margin  of  safety  is  still  greater. 

249.  When  Heights  need  only  be  Approximately 
Oorreot. — The  use  of  heights  of  hills  other  than  that  for  finding 
an  arc  of  position  is  chiefly  to  enable  one  hill  to  be  distinguished 
from  another  as  seen  from  any  point  of  view,  and  a  matter  of  a 
few  feet  in  error  is  of  no  vital  importance  so  long  as  the  heights 
are  shown  relatively  correct. 

In  fig.  36  on  page  50  the  heights  were  merely  used  as  dis- 
tinguishing numbers. 

When  there  is  no  room  in  the  land  position  of  a  chart  to  insert  the 
height,  as  in  the  case  of  islets  or  rocks,  the  height  is  written  in  upright 
figures  and  enclosed  in  brackets  to  distinguish  it  from  a  sounding. 
(For  heights  by  theodolite  angles,  see  Theodolite,  par.  280.) 

Circular  unit=  angle  whose  circular  measure  is  unity 

=206,267"; 


860' 


then 


IT 

6"  circular  measure  of  $" 

206,267'  ~  i 

arc       chord  .   ^       ^,  .  n. 

=  — r; — = — ■^. —  (when  r'  IS  small), 
radius    radius 

.  •  ^=206  267"  X  fa^^  subtended  by  &'  (height) 

dist  in  miles  x  6080 
fl)  •  height-^"*''  ^°  miles  X  6080     ^;_dist.  in  miles  x^^ 

^  •  •       »         -        206,267  ^  34  nearly 

/ 2^  B"  —  l^^ight  in  feet  x  84 

dist.  in  miles 
(8)      di8tinmUe8=    haight  in  feet  x  84    . 

eler.  in  seconds  of  arg 


CHAPTER  XVII. 
LANDING  COMPASS  AND  THEODOLITE. 

250.  Principle  of. — If  a  circular  horn  protractor  is  placed 
over  a  sheet  of  paper,  on  a  fairly  level  stand,  with  the  centre 
over  any  spot  in  the  paper,  and  a  ruler  is  placed  on  the  top  of  it 
so  that  one  edge  passing  over  the  centre  of  the  protractor  is 
directed  to  any  object,  the  line  of  this  edge,  or  line  of  sight,  drawn 
on  the  paper  will  give  a  line  of  reference  to  that  object ;  the 
angle  indicated  by  the  ruler  at  the  edge  of  the  protractor  may 
read  anything. 

Without  in  any  way  moving  the  protractor,  if  the  ruler  is 
kept  over  the  centre,  and  is  made  to  point  to  any  otlier  object, 
this  will  again  be  a  line  of  reference  to  the  other  object:  the 
ruler  will  indicate  the  angle  at  the  edge  of  the  protractor. 

The  difference  between  the  first  reading  shown  on  the  pro- 
tractor, and  the  second,  will,  roughly,  be  the  angle  between  the 
two  objects. 

Now,  this  is  but  a  rough  measurement  of  an  angle  in  the  plane 
of  the  protractor,  and  not  in  the  plane  joining  the  two  objects ; 
and  is,  therefore,  neither  a  horizontal  angle  nor  an  angular 
measurement. 

But,  supposing  there  be  means  of  making  the  protractor 
horizontal,  and  of  securing  it  in  that  position;  that  there  are 
improved  means  of  obtaining  the  line  of  sight  by  a  vertical  line 
at  the  end  of  the  ruler,  then  the  difference  between  the  first 
reading  of  direction  and  the  second,  will  be  the  horizontal  angle 
between  the  two  objects. 

251.  Admiralty  Landing  Compass.— The  next  step  in 
advance  of  the  rough  protractor  idea,  is  the  Admiralty  landing 
compass. 

Like  most  large  compasses,  it  possesses  a  graduated  ring  or 
<  verge '  on  the  rim  of  the  glass  cover ;  this,  then,  will  now  represent 
the  protractor,  but,  instead  of  resting  on  a  fixed  plane  depending 
upon  the  table  or  stand,  it  is  fitted  with  gimbals  like  any  ship's 
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compass,  and  therefore  swings  freely.  Theoretically  it  should 
'find'  the  horizontal,  but  does  not  do  so  exactly  in  practice, 
because  the  points  of  suspension  are  not  placed  quite  symmetri- 
cally at  the  end  of  each  diameter ;  moreover,  if  disturbed,  it  does 
not  return  to  its  initial  position,  owing  to  friction.  Its  plane, 
then,  may  be  said  to  be  vaguely  horizontal  when  first  *  set  up,' 
and  irregularly  in  error  when  handled. 

252.  Line  of  Sight. — Its  line  of  sight  is  attached  to  a  ring, 
nearly  the  size  of  the  graduated  verge,  revolving  from  the 
same  centre ;  and  consists  of  a  slit  at  one  end  of  the  diameter, 
which  is  used  as  a  'back  sight'  where  the  eye  is  placed,  and  a 
thread  stretched  on  a  vertical  frame  at  the  other,  for  a  'fore- 
sight ' ;  so  long  as  these  are  truly  at  the  ends  of  the  diameter  of 
the  graduated  arc,  whatever  error  there  is  in  the  foresight — t.e. 
whether  truly  vertical  to  the  plane  of  the  graduated  circle  or 
not — if  the  objects  observed  are  exactly  on  the  same  level,  the 
angle  measured  between  them  is  unaffected  when  the  plane 
of  the  '  verge '  is  the  same  throughout ;  but  if  the  fore  thread  or 
the  hind  slit  are  not  true — that  is,  leaning  to  one  side  or  the  other 
— ^and  the  objects  observed  are  at  different  levels,  and  the  plane 
of  the  'verge'  when  handled  is  irregular,  then  the  angles  are 
inconsistently  in  error. 

263.  Index  cuid  Vernier. — Attached  to  the  ring  which 
carries  the  sight  line,  there  is  an  index  with  a  vernier.  If,  then, 
an  object  is  sighted  on  the  fore-thread  and  through  the  back  slit, 
followed  by  another  similar  observation  to  another  object,  the 
difference  between  each  of  the  readings  will  give  the  more  or 
less  horizontal  angle  between  the  objects,  at  the  centre  of  the 
instrument. 

This  involves  constant  subtraction;  for  example,  looking  at 
an  object  A,  that  being  the  initial  line  of  reference,  suppose  the 
reading  is  12*  22' ;  turning  the  line  of  sight  round  to  B,  the 
reading  is  56*  37',  towards  C  it  is  91*  55',  and  so  on  ;  then  the 
angle  between  A  and  B  is  56'  37' - 12*  22' =  44*  16';  that 
between  A  and  C  is  91*  55'  -  12*  22'  =  79*  33'. 

254.  Setting  of  Beading  when  Pointing  to  the  Zero. — 
This  system  is  cumbrous  and  is  not  practised,  except  for  special 
purposes ;  it  would  evidently  be  generally  simpler  if  the  reading 
at  the  initial  line  of  reference  was  0*  0' ;  to  obtain  this,  the 
graduated  plate  would  have  to  be  turned  round  until  its  reading 
was  0*  0'  by  the  index,  while  the  line  of  sight  was  pointing  to 
the  initial  object. 

Or,  if  the  index  is  set  at  0*  0'  as  nearly  as  possible,  there  being 
no  clamping  nor  tangent  screw  to  assist  in  the  operation,  and  the 
whole  compau  bawl  is  turned  round  until  the  line  of  sight  is  over 
the  initial  object,  and  damped,  in  that  position,  to  the  plate  on 
the  tripod,  by  the  one  screw  underneath  it,  there  being  again  no 
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tangent  screw  to  assist,  then  the  one  end  is  attained ;  for,  now, 
the  index  reads  0*"  0',  the  graduated  plate  is  a  fixture,  and  the  line 
of  sight  is  pointing  to  A ;  turning  the  line  of  sight  round,  the 
reading  is  taken  of  B,  C,  D,  etc.,  in  succession,  and  the  readings 
therefore  are  also  the  angles  from  the  initial  line  A. 

255.  Centring  Ehror  Eliminated  by  Opposite  Indexefe. 
— Besides  the  errors  already  enumerated  in  the  instrument,  there 
is  the  centring  error,  that  is,  when  the  centre  of  the  ring  carrying 
the  line  of  sight  does  not  coincide  with  the  centre  of  the 
graduated  verge ;  this  is  eliminated  by  the  addition  of  another 
index  and  yemier,  each  vernier  being  assumed  to  be  at  the  end 
of  the  diameter  of  the  upper  ring. 

The  mean  of  the  readings  of  these  two  indexes  is  the  correct 
one ;  vernier  errors  and  coarse  cutting  are  additional  sources  of 
error,  and  the  general  results  with  this  instrument  must  be 
accepted  for  what  they  are  worth. 

Graduations  O*  to  360*. — The  graduation  on  the  *  verge,' 
beginning  at  360*  00'  or  0*  00',  continues  to  the  right  through 
the  quadrants  to  100*,  200*,  and  so  on  to  360*  00'. 

256.  Zero. — The  initial  line  of  reference  is  one  specially 
selected  for  that  purpose ;  the  object  in  that  line  being  termed 

the  zero  or  ^ ;   it  will  be  the  zero  line,  from  which  all  the  other 

angles  are  referred ;  and  since,  though  preferable,  yet  optional, 

the  reading  of  the  -^  is  usually  0*  0',  ix,  360*  00'  {vide  par.  254), 

it  is  necessary  to  state  what  the  reading  of  the  -^  actually  was ; 
thus  an  observer  will  record  as  follows : — 

At  0  ^  A  360*  00'.    180*  04'  (this  is  the  reading  of  the  opposite 

index);  then  follow  the  other  angles  as  observed  (for  further 
explanation  see  Theodolite)^  which  are  written  down  in  the  same 
manner  as  when  using  that  instrument. 

By  a  gradual  and  general  process  of  improvement  the  present 
theodolite  has  been  evolved. 

257.  Evolution  froixi  Landing  Compass  to  Theodolite. 
— It  also  has  a  circular  plate,  which  varies  in  size  from  a 
diameter  of  3  inches  to  one  of  more  than  12  inches,  the  graduation 
being  the  same  as  on  the  compass  verge.  The  degree  of  gradua- 
tion will  usually  depend  upon  the  diameter ;  some  are  graduated 
to  30',  some  to  20',  and  some  to  10'  of  arc. 

Under  this  there  are  a  pair  of  thick  metal  plates  of  smaller 
diameter  than  the  graduated  arc ;  they  are  separated  by  three, 
or  in  some  by  four,  thick  mill-headed  screws. 

258.  Levelling  Plates. — The  lower  of  these  plates  screws  on 
to  the  tripod,  and  becomes  a  temporary  fixture ;  by  means  of  the 
mill-headed  screws  which  bear  on  it,  the  graduaUd  plate  is 
levelled ;  the  levels  for  this  purpose  being  placed  on  it,  as  shown 
by  L  L,  fig.  84. 
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The  '  line  of  sight '  is  supplied  by  a  telescope  resting  in  Y's, 
which  are  at  the  ends  of  a  graduated  arc,  working  in  a  vertical 
plane ;  the  centre  of  this  arc  is  vertically  over  the  centre  of  the 
graduated  arc;  the  whole  is  supported  by  pillars  on  an  upper 
or  *  index '  plate,  which  rests  on  and  revolves  horizontally  from 
the  same  centre  as  the  graduated  arc. 

When  the  lower  levelling  plate  is  screwed  on  to  the  tripod,  and 
the  graduated  arc  is  made  level,  and  the  levelling  screws  tightened 
up,  there  exists  a  truly  horizontal  arc,  graduated  from  0"*  to  360*, 
with  a  telescope  capable  of  a  horizontal  and  vertical  movement  to 
guide  the  line  of  sight. 

A  clamping  thumb  screw  is  attached  to  a  *  sleeve '  extending 
from  the  graduated  plate;  when  this  is  tightened  up  the  plate 
is  immovable. 

269.  Horizontal  Angles. — We  now  have  an  immovable, 
graduated  plate,  whfch  is  truly  horizontal. 

If,  as  before,  the  line  of  sight  which  is  attached  to  the  upper  or 
index  plate,  is  pointed  to  an  object  A  (see  fig.  84),  and  afterwards 
to  an  object  B,  the  difference  of  the  readings  of  the  angles  to  each 
will  be  the  horizontal  angle  between  them ;  no  matter  what  their 
respective  altitudes  may  be. 

260.  Position  of  the  Index.— But  it  would  evidently  be 
most  inconvenient  to  read  off  these  angles  by  the  actual  line  of 
sight,  i,e,  by  an  index  immediately  under  and  in  line  with  the 

telescope,  as  the 
head  would  con- 
stantly knock 
against  the  tele- 
scope. The  same 
results  will  be 
^>»®  obtained  if  each 
,^^^'  reading       was 

taken  from  the 
same  relative 
position  of  the 
line  of  sight ; 
hence  the  index 
with  its  vernier 
is  placed  abreast 
of  the  telescope. 
(See  V,  fig.  84.) 
For  the  same 
Fio.  84.  reason   that  the 

landing  compass 
has  them,  there  are  two  indexes,  each  with  its  attached  vernier, 
while,  in  addition,  a  microscope  is  also  provided  to  allow  of  a  more 
accurate  reading. 


A 
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The  mean  of  the  reading  of  these  indexes  will  eliminate  the 
error  in  the  position  of  the  centre  (centring  error)  of  the  index 
plate  carrying  the  telescope. 

261.  ^Tors  in  Vernier  and  Centring  ctnd  Graduations. 
— A  theodolite  has  vernier  errors  consequent  on  centring  errors, 
just  as  a  sextant  has ;  it  also  has  errors  in  the  graduation,  but 
the  total  errors  are  not  so  pronounced  as  those  in  a  compass, 
because  the  arc  works  from  an  axis  instead  of  being  suspended 
from  the  ends  of  its  diameter,  and  therefore  the  instrument  is 
more  accurate  in  these  respects. 

For  the  same  purpose  as  when  using  the  compass  ring  (see  par. 
254),  one  index  is  set  at  0*"  0',  i.e.  360**  0  ;  but  there  is  the  additional 
assistance  of  a  tangent  screw  for  accurate  setting,  when  the 
graduated  plate   is  turned  to  the  direction  of  the  zero  line  of 

reference  -^,    or  for  a  more  refined  observation  and  greater 

accuracy  in  taking  the  angles ;  as  well  as  a  microscope  for  reading 
off.  For  these  reasons  also  the  theodolite  has  a  great  advantage 
over  the  compass. 

When  the  instrument  is  level,  and  the  line  of  the  telescope 
points  over  the  zero  object,  the  reading  being  0**  0'  on  one  vernier, 
state  the  following : — 

At  0  -0-  A  360"  00'     179'  58'. 

262.  Position  of  the  Zero  Readings. — Now,  there  will  be 
two  columns  of  angles ;  those  under  the  360*  00'  (the  left  column) 
belong  to  that  zero  reading.  It  is  written  on  the  left,  because  it 
is  customary  in  European  countries  to  write  from  left  to  right, 
and  the  lowest  number  on  the  left ;  therefore,  for  uniformity's 
sake,  this  zero  reading  would  be  to  the  left  of  the  observer  when 
he  is  looking  through  the  telescope. 

Hence,  in  setting  the  index,  the  0*  0'  or  360*  00'  reading  should 
be  made  with  the  left  vernier ;  and  then  the  reading  of  the  right 
vernier  be  taken.  This  is  the  rule  which  common  sense  dictates ; 
if  it  is  not  carried  out,  utter  chaos  ensues,  though  it  is  not 
absolutely  erroneous  to  set  the  readings  in  the  opposite  order. 

As  each  angle  is  taken,  the  left  vernier  should  be  read  off  first, 
then  the  right ;  if  not  taken  in  this  order  (sometimes  it  is  handier 
not  to),  and  the  observer  has  an  assistant,  he  must  call  out,  *  right 
vernier '  (right  column  of  angles),  or  *  left  vernier '  (left  column), 
as  he  reads  off  each. 

263.  Method  of  Writing  Angles. — Then  a  continuation  of 

the  notebook  reads : — 

Left  column.        Sight  colimm. 

At  0  -^  A  360*  00'  179*  58' 

^  B  44  15  224  14 

C  79  33  259  33, 

and  so  on. 
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264.  Neoeesity  of  Revolving  the  Ldne  of  Sight  in  one 
Direction. — In  handling  the  instrument  the  angles  should  always 
be  taken  by  revolving  the  line  of  sight,  which  in  this  case  is  the 
telescope,  round  in  the  same  continuous  direction  either  way.  In 
the  above  readings  the  telescope  must  have  been  turned  round  to 
the  right,  because  the  reading  to  the  first  object  is  the  least ;  had 
it  been  turned  to  the  left,  the  angle  immediately  below  360*  00' 
might  have  been  327*  52',  and  the  next  300*  12',  and  so  on. 

The  graduated  plate  is  supposed  to  be  more  or  less  firmly 
fixed ;  and  the  legs  to  be  more  or  less  immovable ;  but  in  practice 
it  is  very  easy  to  move  both  of  them  slightly ;  and,  however  gently 
the  telescope  is  moved  round,  something  will  be  shifted  so  as  to 
disturb  the  graduated  plate  or  to  throw  the  instrument  out  of  level. 
If  the  movement  of  the  telescope  has  been  continuous  in  one 
direction,  some  reasonable  value  can  be  assigned  to  the  correction 
for  each  angle,  by  its  proportion  to  the  whole  error  caused  by 
the  disturbance  of  level  and  the  shifting  of  the  graduated  plate ; 
but  if  the  movement  of  the  telescope  has  been  first  to  one  side  of 
zero,  then  to  the  other,  not  only  will  the  error  of  level  caused  be 
greater,  but  no  consistency  can  be  traced  in  the  error  in  the 
change  of  position  of  the  plate ;  in  fact,  it  may  show  no  resulting 
error,  while  as  a  matter  of  fact  the  instrument  has  moved. 

266.  Sheeting  the  Zero. — Now  this  error  of  movement 
introduces  the  method  of  its  deduction.  Suppose  an  observer  at 
,X  /x  ^1  ^S*  ^^)  selects  the  line  0  A  as  a  zero  line;  after 
taking  a  number  of  angles  to  the  right,  he  refers  the 
instrument  to  its  initial  reading  of  0*  0' ;  then  any 
disarrangement  of  the  instrument  will  be  indicated 
by  the  error  Aa,  the  line  of  sight  now  pointing  to  '  a ' 
instead  of  A  as  originally  set ;  but  had  he  taken  0  X, 
then  the  error  of  movement  is  shown  by  Xa^  a  much 
more  evident  error.  Hence,  to  detect  the  error  of 
movement,  the  further  0  X  is  the  better ;  in  other 
words,  the  further  the  zero  selected  the  better. 

In  practice,  the  order  is  reversed ;  the  centre  of  the 
cross  wires  is  referred  back  to  the  zero  object,  the 
reading  of  which  was  360*  0',  and  the  error  in  reading 
is  indicated.  In  the  above  case,  when  referred  back 
to  A,  the  reading  would  have  been  359*  55'  instead 
of  360*  00',  showing  the  instrument  had  shifted  5' 
during  the  whole  revolution. 

266.  Z.O.K.  —  To  detect  the  error  of  movement^ 

whether  large  or  small,  it  is  therefore  essential  to 

Fio.  85.        refer    to   the    zero   line   0  X ;    and  if   the  reading 

now   is  different   from   what   it   was  originally  set 

at,   the  zero  is  said   not   to   be   correct,  and    the   reading   it 

returns  to    is   stated,   such    as    359*    57';    and   conversely,    if 
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it  does  return  correctly,  the  zero  is  said  to  be  O.K.,   written 
Z.O.K. 

267.  Neoeesity  to  refer  back  to  Zero. — This  practice  is 
essentially  a  part  of  the  value  of  any  angle,  or  angles,  taken  with 
the  theodolite ;  and  without  it  the  observations  are  incomplete, 
and  perhaps  absolutely  useless. 

Whatever  the  reading  of  the  zero  is,  when  referred  back, 
should  be  stated;  and  if  359*  57',  for  example,  it  might  be 
near  enough  for  the  particular  angles  that  are  required,  when, 
for  instance,  the  angles  do  not  form  part  of  the  very  important 
main  triangles. 

268.  Repeating^  the  Angles  if  Necessary. — Part  of  the 
error  might  be  discovered  by  repeating  the  angles  at  or  near 
every  90^  of  the  readings ;  but,  if  not  checked  in  this  manner, 
the  statement  with  reference  to  the  -^^  should  remain ;  it  is  only 

cheating  one's  self  to  write  O.K.  when  it  is  not  correct. 

Then,  after  the  last  angle  of  the  round  or  series  is  taken, 
the  statement  should  be  Z.O.K  or  Z  359*  59',  or  whatever 
it  is. 

269.  Readings  in  Parts  of  the  Arc  to  Reduce  Errors 
to  Graduations:  Changing  the  Readings  of  the  Zero. 
— When  dealing  with  the  principal  angles  of  a  triangulation 
359''  56'  will  not  do ;  the  angles  should  be  repeated. 

Where  the  greatest  possible  accuracy  is  required,  some  means 
should  also  be  adopted  of  reducing  the  error  in  the  graduation  of 
the  instrument. 

For  this  purpose,  different  readings  for.  the  zero  can  be  set  on 
the  vernier. 

For  example,  B,  C,  D  being  main  stations,  it  is  required  to 
obtain  a  number  of  measurements  for  their  angles. 

Angle  by  right 
vernier. 

Then  at  0'  ■0-      A  360"  00'     179'  58' 

44*  16' 
B     44    15      124    14 

79    35 
G    79     33     159    33 

119    55 
D  119    54     299    53 
Z.O.K. 

Now  shift  the  reading  on  the  index  of  the  arc  to  100*  0',  and 
(without  unolamping  the  plates)  point  the  telescope  to  the  zero 
object. 
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Angle  by  right 
yemier. 
Then  at  0' A  A  100"  00'     279''  59' 

44"  16' 
unclamping  the  index  plate    B  144    16      324    15 

79    36 
C  179    34     359    35 

119    54 
D  219    53       35    53 
Z.O.K. 

If  desirable,  the  operation  may  be  repeated  once  again,  starting 
with  the  index  at  200"  0'. 

Angle  by  right 
vernier. 
Then  at  0'  ^       A  200"     0'       20-  01' 

^  44"  15' 

B  244    16        64    16 

79    35 
C  279    35        99    36 

119    54 
D  319    55      139    55 
Z.O.K. 

By  this  means  there  are  three  sets  of  observations,  with  two 
readings  to  each  object ;  and  the  six  measured  angles  on  different 
parts  of  the  arc  are  meaned ;  hence  the  error  of  the  graduation 
will  be  minimised. 

1st  observation      B  44"  15'  by  right  vernier 

44  16     „  right 

2nd  observation    B  44  16     „  left 

44  16     „  right 

3rd  observation     B  44  16    „    left         „ 

44  15    „  right       „ 


34' 


Mean  44"  15'  40" 
And  so  on  for  C  and  D,  etc. 

There  is  yet  another  method,  a  method  of  continuation,  when 
one  angle  only  is  required,  and  all  possible  accuracy  sought. 

The  following  example  will  explain : — 

Starting  with ;  at  0  A   A  360"  00'     180"  01' 

44"  16' 
B     44    15      224    17 

Leaving  the  index  clamped  at  this  last  reading,  wnclamp  the 
graduated  arc  or  lower  pkUe,  and  turn  it  so  that  the  line  of  sight 
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pointB  to  the  •^- ;  then  clamp  again,  and  with  its  tangent  screw 
make  exact  contact. 

Now  at  0  -^  A     44"  15'  224''  17' 

44"  16'  44"  14' 

then  unolamp  the  index,  and    B     88    31  268    31 

Repeat  the  operation : 

Then  at  0'-^  A     88    31  268    31 

^  44    16  44    15 

B  132    47  312    46 

And  this  may  be  continued  as  often  as  desired. 

Finally,  refer  back  to  the  zero  by  the  last  observation,  and 
Z.O.K. 

By  this  means  six  readings  of  the  arc  are  obtained  for  the 
measurement  of  one  angle. 

The  instrument  must  be  in  very  good  working  order,  and  in 
perfect  adjustment^  since  the  reference  to  the  zero  after  each 
meaeurement  is  omitted,  and  the  operation  is  a  very  delicate  one 
to  carry  out  without  disturbing  the  level  of  the  graduated  plate. 

270.  Telescope.  Bye-piece  fitted  with  Coloured  Shades. 
— The  telescope  is,  in  the  larger  size  instruments,  usually  supplied 
with  two  eye-pieces,  one  of  which,  the  shorter,  inverts  the  objects ; 
while  the  longer  is  fitted  with  shades,  for  use  with  the  sun. 

271.  *  Wires '  or  *  Webs.' — Inside  the  telescope  and  beyond 
the  eye-piece,  stretched  across  a  diaphragm  or  ring,  there  are  two 
cross  *  wires '  or  *  webs '  usually  spider  webs ;  and,  by  means  of 
screws,  whose  heads  usually  project  on  the  outside  of  the  tube  of 
the  telescope,  this  diaphragm  can  be  adjusted,  in  case  the  wires  do 
not  cross  in  the  optical  centre. 

These  wires  cannot  usually  be  seen  without  first  focussing  the 
eye-piece :  this  must  be  the  first  operation  when  using  the 
telescope. 

272.  Focussing  Screw. — There  is  a  focussing  screw  attached, 
by  which  either  the  object-glass,  or  the  hind  part,  is  moved  for 
focussing  the  object  observed :  this  is  the  next  step  necessary. 

273.  Means  of  Holding  the  Telescope. — The  telescope  fits 
into  supports  called  Y's — so  called  because  they  resemble  the 
capital  letter  Y — and  is  held  there  by  rings  closing  over  it,  and 
which  are  pinned  down;  there  should  be  no  'play'  in  the 
telescope,  and  usually  two  bits  of  cork  take  the  place  of  springs 
to  grip  it ;  the  Y' s  and  ring  should  fit  the  telescope  exactly,  but 
not  so  tightly  as  to  prevent  it  being  revolved  if  desired. 

274.  Centre  of  Cross  Wires  over  the  Object. — When  an 
object  is  observed  .through  the  telescope,  the  centre  of  the  cross 
wires  should  cover  it ;  the  line  from  the  centre  of  the  eye-piece  to 
the  centre  of  the  cross  wires  is  the  z^ro  line  of  the  telescope. 
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In  theory,  it  is  better  that  the  zero  line  of  the  telescope  should 
be  in  its  optical  centre;  in  practice,  with  a  4-,  5-,  or  6-inch 
theodolite  telescope,  used  in  the  ordinary  work  of  a  small  survey, 
a  small  optical  error  in  this  position,  if  the  telescope  does  not  move 
during  a  round  of  angles,  does  not  affect  the  results. 

276.  CoUimation  Error,  to  Adjust  (see  p.  149,  par.  319). — 
But  the  telescope  may  be  moved  by  accident ;  and,  since  there 
are  the  means  of  doing  so,  the  zero  line  can  be  adjusted  to  the 
centre  of  the  telescope ;  fig.  86  illustrates  an  exaggerated  form 
of  the  error. 

C  is  the  optical  centre  of  the  telescope ;  0^  the  intersection  of 
the  cross  wires,  which  cut  each  other  at  right  angles. 

The  T's  round  the  diaphragm  show  the  position  of  the 
adjusting  screws,  but  they  do  not  always  project. 

The  telescope  is  focussed 
and  pointed  to  any  object; 
after  adjusting  the  eye-piece 
for  the  *  wires,'  and  the  wire 
C^C^  being  roughly  horizon- 
tal (see  par.  278),  the  plate 
is  then  clamped  in  the  posi- 
tion when  0^  covers  the 
object. 

If,  now,  the  telescope  is 
revolved  in  the  direction 
shown  by  the  left  arrow,  C^ 
will  also  revolve  in  a  circle 
whose  radius  is  GC^  (if  t?ie 
telescope  is  luntouehed  while 
taking  angles,  the  position  of 
C^  is,  of  course,  constant, 
and  the  error  in  its  position  does  not  affect  the  angles  measured). 
It  is  required  to  put  the  zero  line  (one  end  of  which  is  the 
centre  of  the  cross  wires)  into  such  a  position  that,  if  the 
telescope  be  revolved,  the  line  is  unaffected ;  this  position  will  be 
C.     It  is  now  at  C^. 

If  the  telescope  is  turned  a  quarter  of  a  revolution,  C^  will 
arrive  at  C*;  the  wire  previously  perpendicular  will  now  be 
horizontal. 

In  this  position  the  centre  of  the  cross  wires  now  at  0^  covers 
a  certain  point  in  the  field  of  view,  whereas,  before,  when  at  C^,  it 
covered  a  different  object. 

Half-way  between  C^  and  C*  gives  the  vertical  line   through 

the  optical  centre  of  the  telescope ;  and  by  the  following  method 

C^  can  be  moved  to  that  line  by  screwing  up  on  the  left  adjusting 

screw  attached  to  the  diaphragm,  and  screwing  back  on  the  right. 

If  the  object  which  C^  covered,  is  covered  again  by  C^,  by  means 
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of  a  movement  of  the  horizontal  tangent  screw  on  the  arc,  half  the 
difference  between  the  reading  on  the  horizontal  arc,  when  looking 
at  C^  and  that  at  0^,  gives  the  exact  reading  on  the  line  of  C  ;  set 
this  reading  on  the  arc,  and  move  the  erroneous  0^  on  to  it  by  the 
diaphragm  adjusting  screws.     (See  Theodolite  Adjustment^  p.  149.) 

This  will  now  place  the  vertical  wire  b  through  the  optical 
centre  of  the  telescope :  if  the  telescope  is  turned  a  quarter  of  a 
revolution  back,  as  shown  by  the  right  arrow,  whatever  error  there 
is  shown  by  C*  not  covering  the  same  object  will  be  removed  by 
means  of  the  other  pair  of  diaphragm  screws,  and,  finally,  the  cross 
wires  are  in  the  optical  centre  of  the  telescope. 

This  operation  is  called  adjusting  for  collimation.  (See  Theo- 
dolite Adjuitmenty  p.  149.) 

276.  Micrometer  Wiree. — In  the  theodolite  telescopes  used 
by  engineers,  there  are  two  additional 
horizontal  wires  placed  with  reference 
to  the  focal  length  of  the  telescope 
(see  fig.  87). 

They  are  'micrometer'  wires,  and 
used  for  the  purpose  of  measuring 
distances  in  combination  with  a  staff; 
this  staff  iff' graduated  in  feet,  tenths, 
and  Y^ths.  (See  Levelling  Staffs  p.  154.) 

The  distance  in  feet^  measured  on 
the  staff,  held  perpendicular  to  the  line 
of  sights  between  the  wire  a  and  wire  h  (see  fig.  88)  is  the  distance 
per  cent,  in  feet,  of  the  observer  from  the  position  of  the  staff ; 
where  1  foot  is  100  per  cent. 
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Example, — T  is  the  position  of  the  telescope,  a  and  b  the 
horizontal  wires. 

From  the  eye,  the  lower  wire  b  reads  1  foot,  and  the  upper  wire 
reads  2  feet. 

The  distance  between  the  readings  is,  therefore,  1  foot. 
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In  this  case,  from  T  to  S  is  100  feet. 

If  the  difference  of  readings  had  been  '75,  then  the  distance 
from  T  to  S  is  75  feet. 

277.  Vertical  Arc. — The  movement  of  the  line  of  sight 
horizontally  is  a  movement  in  azimuth,  but  that  term  only  applies 
to  theodolites  specially  fitted  for  observation  of  celestial  bodies  in 
azimuth  and  in  altitude. 

The  movement  vertically  is  that  in  altitude  or  elevation. 

An  ordinary  theodolite  has  a  movement  in  elevation  by  means 
of  a  vertical  arc,  see  fig.  89,  the  centre  of  which  is  vertically  above 
the  centre  of  the  horizontal  arc.  As  its  purpose  implies,  it  is  not 
only  for  directing  the  telescope  to  an  object  above  or  below  the 
horizontal,  but  also  it  is  graduated  for  measuring  an  elevation. 

The  radius  is  usually  shorter  than  that  of  the  horizontal  arc. 
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In  the  explanation  given  of  the  telescope,  it  is  stated  that  it  is 
merely  held  in  its  place  on  the  Y's  by  a  circular  clip,  and  that  it 
was  liable  to  derangement  by  a  light  touch. 

If  it  were  required  to  take  the  altitude  of  the  sun  with  a 
theodolite  it  is  obviously  necessary  that  the  horizontal  wire,  over 
which  the  altitude  is  measured,  shall  be  exactly  horizontal  and 
Bhcdl  remain  bo  ;  but,  as  there  are  no  means  of  setting  it  exactly 
horizontal,  and,  moreover,  it  is  liable  to  be  moved,  because  not  a 
fixture,  it  is  unserviceable  for  sun  altitudes,  and  is  merely  used 
for  elevations. 

But  in  the  case  of  relative  heights  (see  Heights,  par.  249),  it 
serves  the  purpose  of  measuring  small  elevations,  practically  near 
enough  for  ordinary  uses. 

An  error  in  the  vertical  plane,  due  to  faulty  construction 
(par.  324),  is  a  serious  error  in  a  sun  altitude,  or  in  any  observation 
of  the  sun  (see  True  Bearings,  p.  138);  whereas  in  finding  a  height, 
the  corresponding  error  in  an  elevation  is  practically  harmless. 

The  vertical  arc,  then,  is  for  the  purpose  of  directing  the  tele- 
scope to  objects  of  different  levels  when  measuring  horizontal 
angles,  and  also  for  measuring  the  elevations  of  hills  for  the 
ultimate  purpose  of  determining  their  heights. 

Both  in  measuring  the  horizontal  angle  to,  and  the  vertical  angle 
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of,  a  summit  which  is  not  actually  a  pyramid,  from  yarious  points  of 
observation,  both  angles  must  be  taken  to  the  highest  point»  as  that 
will  be  the  only  common  point  viewed  from  the  different  places. 

The  line  of  the  horizontal  wire  horizontally  sweeping  the  summit, 
guides  the  eye  to  the  highest  pointy  and  here  for  this  purpose  only 
it  is  required  to  be  horizontal 

278.  McUdng  Wires  HorizontaL — After  the  telescope  has 
been  placed  in  the  Y's  and  pinned  there,  and  the  instrument 
levelled,  turn  the  telescope  to  a  distant  well-defined  object^  a 
steady  plummet  line  or  the  side  of  a  building. 

Place  one  end  of  the  vertical  wire  over  the  object^  then,  by 
means  of  the  tangent  screw  to  the  vertical  arc,  sweep  the  wire  up 
and  down  the  object.  If  the  object  remains  on  the  wire  from  one 
end  of  it  to  the  other,  then  the  wire  is  truly  vertical  (always 
providing  the  vertical  movement  of  the  arc  is  true) ;  if  not,  revolve 
the  telescope,  until  by  the  same  movement  as  before  the  wire  does 
not  deviate  off  the  object. 

When  that  wire  is  vertical,  then  the  horizontal  wire  may  be 
assumed  to  be  horizontal. 

The  same  result  can  be  obtained  by  means  of  the  sea  horizon 
with  the  horizontal  wire. 

279.  Babble  Ebror. — The  angle  of  elevation  or  of  depression, 
is  the  angle  between  the  horizontal  plane  at  the  position  of  the 
eye,  and  the  elevation  or  depression  of  the  horizontal  wire. 

Zero  for  Elevations. — ^The  reading  of  the  angle  on  the 
vertical  arc,  when  the  telescope  is  levelled,  by  means  of  the  level 
attached  to  it,  is  the  zero  for  elevation  or  depression. 

It  is  the  same  story  over  again  of  the  index  error  of  a  sextant, 
but  here  it  is  known  as  the  '  bubble '  error. 

If,  then,  the  telescope  is  levelled  by  its  own  level,  this  is  the 
horizontal  plane,  and  the  reading  on  the  vertical  arc  is  the  '  bubble ' 
error. 

Angles  of  elevation  are  measured  on  the  left  of  the  0*"  on  the 
vertical  arc,  while  those  of  depression  are  measured  on  the  right. 

The  bubble  error  takes  the  same  sign  as  a  similar  error  does  on 
a  sextant,  that  is,  -  if  its  reading  is  on  the  same  side  of  the  O""  as 
the  measured  angle,  and  +  if  on  the  opposite  side ;  so  that  a 
bubble  error  reading  2'  40''  on  the  left  of  the  0*,  would  be  -  to 
elevations,  and  +  to  depressions. 

Now  this  error  is  due  to  a  combination  of,  an  error  in  the 
vertical  arc,  faulty  adjustment  of  telescope  level,  with  an  error  in 
the  level  of  the  instrument  in  the  plane  in  which  the  telescope  is 
being  directed.  Suppose,  for  instance,  the  plane  in  line  with  the 
telescope  to  *be  the  whole  source  of  error,  as  shown  in  fig.  90, 
H  L  being  the  horizontal  arc  of  the  theodolite  out  of  level. 

Then  the  0*  of  the  vernier  will  appear  to  the  left  of  the  index, 
and  the  reading  at  V  will  be  the  bubble  error. 

9 
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Now  supposing  that  the  plane  of  H  L,  at  right  angles  to  that 
shown,  is  correctly  level,  then,  when  the  telescope  is  pointing 
along  that  plane  there  will  be  no  bubble  error,  providing  that  the 
vertical  arc  is  correctly  placed  on  the  instrument.     (See  par.  324.) 
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Therefore  the  bubble  error  is  a  varying  quantity,  and  is 
different  in  different  directions. 

From  fig.  90,  it  will  be  noted  that  when  the  telescope  is 
pointing  round  in  the  opposite  direction,  the  size  of  the  bubble 
error  will  be  the  same,  but  its  reading  will  be  on  the  opposite 
side  of  the  0*. 

Therefore,  providing  there  is  no  constant  error  in  the  position 
of  the  vertical  arc,  and  the  level  attached  to  the  telescope  is  in 
adjustment,  the  bubble  error  will  be  ±  in  one  semicircle,  and 
+  of  the  same  value  in  the  other ;  if  found  at  each  quadrant  of 
the  horizontal  angle,  by  interpolation,  the  error  must  be  applied 
to  each  elevation,  according  to  its  horizontal  angle. 

Example, — The  bubble   when  the  horizontal  arc    reading  is 

0'  is  +  2'  30'  to  angle  of  elevation. 
90-  „  -       30-^        „ 


180*  „  -  1'  30" 
270*  „  +  V  30' 

There  is  no  occasion  in  the  ordinary  theodolite  to  separate  the 
error  of  levelling  from  the  error  of  the  arc,  so  that,  it  is  accepted 
as  a  whole  error. 

If,  now,  the  angle  of  elevation  to  an  object  reading  50*  is 
r  16'  20",  then  by  interpolation  the  correction  is  +  T  40"  (50*  = 
1 .  3'  =  1'  40*),  and  the  correct  elevation  is  T  18'. 

Reversing  Telescope  for  Elevation. — Again,  just  as  with 
the  sextant,  if  an  angle  is  measured  to  the  right  of  the  0",  and, 
with  the  same  objects,  then  to  the  left,  the  total  error  of  the  index 
is  cancelled,  and  includes  the  error  of  levelling. 

So  that,  if,  after  taking  the  elevation,  the  position  of  the  telescope 
is  reversed,  end  for  end,  the  object-glass  is  towards  the  observer  : 
by  turning  the  index  plate  horizontally,  it  will  be  made  to  point 
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to  the  same  object  as  before,  and  the  vertical  angle  is  measured 
again ;  in  the  first  case  the  angle  was  measured  to  the  left  of  the 
0**,  and  in  the  second  it  will  be  to  the  right. 

Example. — Eight  way  round  elev.  1**  16'  20" 
reversed        „      elev.  1    19    40 


mean  reading         „     elev.  l*"  18'       as  before  (see  above). 

This  process  is  more  lengthy,  but  more  accurate,  because  the 
levelling  for  bubble  error  in  the  single  observation  depends  also 
upon  the  adjvstrnent  of  the  level  under  the  telescope ;  hence,  by 
whichever  method  an  elevation  is  corrected  must  depend  upon 
the  accuracy  desired. 

280.  Difference  of  Level  measured  by  a  Theodolite. — 
From  an  angle  of  elevation  or  of  depression  with  a  theodolite  is 
deduced  the  difference  of  level. 

An  observer  at  0,  fig.  91,  measures  the  angle  A  0  H,  and  the 
height  A  H  is  deduced  from  it. 

A 


Fig.  91. 

AH^OH.tanAOH  (OH  is  the  distance  from  0  to  the 
plotted  position  of  A  on  the  chart). 

A  H  is  therefore  the  difference  of  level  between  0  and  A. 

If  0  has  a  height  of  his  own,  he  can,  by  an  angle  of  depression 
to  a  fixed  object  X  on  the  high-water  line,  determine  this  height ; 
the  object  X  may  be  in  any  direction ;  or  in  several  directions  in 
order  to  reduce  the  error  of  observation,  or  the  error  due  to  an 
error  in  distance  between  0  and  X,  or  several  X's ;  though  this 
does  not  eliminate  the  bubble  error. 

The  fixed  position  X  being  on  the  water-line,  0  Y  =  Y  X  tan 
H'O  X ;  and  0  Y  +  A  H  =  A  Z,  the  height  of  A  above  the  level  of  X. 

Example  of  finding  the  height  with  the  theodolite  angle  (fig.  91). 

At  A  the  angle  of  elevation  of  a  summit  B  is  2°  27'  10"  ;  bubble 
error  is  2'  30''  left,  the  height  of  O's  theodolite  not  being  taken 
into  accoimt. 

The  angle  of  depression  to  X  on  the  H.W.S.  line  is  0"  15'  30" ; 
bubble  error,  2'  30"  right. 

The  distance  of  B  is  24*8  inches  of  paper. 

The  distance  of  X  measured  on  the  chart  is  4*8  inches. 

The  scale  of  the  chart  is  3*1  inches  =  1  mile  =»  6077*5  feet. 

Required  the  height  of  B  above  H.W.S. 
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1.  To  calculate  the  height  of  A — 
A'b  height  in  feet  =  distance  to  X  in  feet .  tan.  depn.  to  X ; 

4-8  X  6077-5 


distance  to  X  in  feet  = 


3-1 


distance  of  X  in  miles » ^r--  • 

3-1^ 

4'8 
correction  for  curvature,  etc.  = 25"  =  +  40"  :  ^ 

3-1 

correction  for  bubble  error  is  -  2'  30" ; 

total  correction  to  observed  angle  ^  -  1'  50'  (  -  2'  30"  +  40"); 

corrected  angle  =  0"*  15'  30"  -  1'  50"  =  0'  13'  40". 

Then,  height  =  ^'^^^^775   ^^^o  13' 40".  ^^see footnotep.  115. 

log  6077-5     3-783725 
log  3-1       -491362 


3-292363 ;  this  will  be  a  constant  for  all 
log  4-8       -681241        heights  measured   on    this 
log  tan  0"  13'  40"     7-599375        particular  chart. 

1-572979  =  37-4   feet  =  A'8  height  above 

H.W.S. 

2.  B  in  feet  above  A  =  ?^1^^^?!?^ .  tan  (2^  27'  10" +  2'  30" 
+  curvature  correction) ;  see  footnote  p.  115. 

curvature  correction  =  f!^  .  25"  =  +  3'  20"  ;i 
corrected  elevation  2'  33' ; 

log  ^9^     3-292363  (see  above), 
log  tan  2'  33'     8648704 

1-941067 
log  24-8       -394452 


log  2-335519  =  2165  feet  above  A. 

A  is      37  feet  above  H.W.S. 


Therefore  B  is  2202  feet  above  H.W.S. 

^  When  A  is  beyond  0*s  viflible  horizon,  the  correction  for  curvature^ 
inolading  refraction,  must  be  applied. 
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281.  Finding  the  Height  Independent  of  the  Horizontcd 
Distance. — If  0  is  on  the  water-line  he  can  find  the  height  of 
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A  Z  (fig.  92)  independently  of  the  length  0  Z,  if  a  staff  A  B  of 
known  length  is  held  vertically  at  A.     Let  A  B  =  A  (10-ft.  pole) ; 

B  0  Z  =  elevation  of  B ; 
A  0  Z  =  elevation  of  A ; 
OAZ  =  90*-AOZ, 
BOA  =  BOZ-AOZ. 

AZ  =  OA.sinAOZ       .         .         .       (1) 

OA:AB:8inOBA:8inBOA(OBA=90*~BOZ). 

OA  =  AB.sinOBA.cosecBOA      .  (2) 

and  since  A  Z  »  0  A  .  sin  A  0  Z, 

then  AZ  =  AB.  cos  BOZ  (sin  OBA)  .  cosec  BOA.  sin 

AOZ (3) 

= A .  cos  elevation  B  .  cosec  diff.  of  elevations .  sin  elevn.  A. 
By  a  similar  investigation,  A  Z  can  he  found  in  fig.  93. 

A 


Fig.  93. 

O  is  the  first  position,  observing  AOZ; 

H  is  the  second  position,  observing  A  H  Z ; 

OH  is  a  measured  distance  on  the  line  0Z»/   (see   Micro- 
meter and  Levelling  Staff,  p.  127) ; 

and  A  Z  =  OH.  sin  A  HZ.  sin  AOZ  cosec  0  AH; 

« I  sin  elev.  A  from  H  .  sin  elev.  from  0  .  cosec  diflF.  elev. 

Now,  referring  to  fig.  92. 

If  A B  is  placed  at  right  angles  to  OA,  then  OA=AB.cot 
BOA,  and  for  a  given  value  of  AB  in  tens  of  feet  and  of 
angles  B  0  A,  a  table  can  be  constructed  giving  the  corresponding 


184  HYDROGRAPHIC  SURVEYING. 

distance  of  OA;  if,  for  example,  AB=10  and  BOH  =  r,  then 
O  A  =  572-9  feet  (10  .  cot  V).  *(See  natural  cotangent  tables.) 

282.  'DifFerenoe  between  H3rpotenuBe  and  Base.' — If 
the  angle  OAZ  is  observed,  the  readings  on  the  other  tide  of 
the  vertical  arc  of  the  theodolite,  give  the  *  difference  between 
OAand  OZ';  thus  if  OAZ  =  26',  0  A- OZ  reads  10  (percent.) 
(see  Headings  on  Vertical  Arc  of  Theodolite,  ^Difference  between 
Hypotenuse  and  Bum  '),.-.  OZ  =  515,  i.e,  572*9  -  57*3  (10  percent.); 
hence  if  0  A  is  found  from  the  first  table,  subtract  the  *  reading  ' 
per  cent.  =  0  Z  ;  which  is  the  distance  of  O  from  Z.  Or,  referring 
to  explanation  of  theodolite  telescope,  par.  276,  by  means  of  the 
additional  micrometer  cross  wires,  and  of  a  levelling  staff,  the  dis- 
tance O  A  is  found  without  any  calculation. 

In  the  above  example,  the  distance  subtended  by  the  cross 
wires  would  be  5*73  feet,  .-.  A  0  =  573  feet. 

The  vertical  arc  reading  alluded  to  above,  being  a  percentage 
difference  between  the  hypotenuse  and  base,  if  read  off,  then  the 
horizontal  distance  O  Z  can  be  found ;  in  the  above  case  the 
reading  was  10  (per  cent.) ;  and  sinc^  the  levelling  staff  read 
5 "7 2  feet,  therefore  hypotenuse  -  base  =  573  feet. 

The  readings  on  a  levelling  staff,  with  the  ordinary  theodolite, 
being  hardly  discernible  beyond  500  feet,  the  special  purpose  of 
the  micrometer  wires  is  only  for  chaining  along  an  uneven  surface. 
The  difference  of  their  readings  gives  the  percentage  difference 
between  the  length  measured  along  an  incline,  represented  by 
O  A,  for  instance,  and  the  horizontal  distance  0  Z  ;  but  Z  0  A  will, 
in  practice,  probably  be  much  smaller  than  26*,  and  the  distance 
under  500  feet. 

The  same  principles  govern  the  action  in  all  theodolites. 

283.  Everest  or  Transit  Theodolites.— In  the  'Everest' 
pattern,  the  telescope  is  fixed  on  pillars,  and  can  only  be  moved 
in  altitude,  and  the  *  stride'  level  provides  special  means  for 
levelling  the  horizontal  wire  of  the  telescope,  hence  the  instru- 
ment may  be  used  for  the  measurement  of  altitudes;  it  is 
graduated  more  closely  than  the  ordinary  theodolite  on  both 
the  horizontal  and  vertical  arcs,  and  can  therefore  be  used  for 
'  transit  observations.' 

Since  the  Everest  theodolite  can  be  used  for  taking  angles  in 
azimuth,  also  serving  as  a  '  transit '  instrument,  and  for  measuring 
altitudes,  it  gradually  rises  to  the  dignity  of  a  *  portable  transit ' 
and  *  altazimuth'  combined;  but  in  the  course  of  its  develop- 
ment in  *  observatories,'  it  has  become  a  separate  instrument  from 
the  *  transit,'  and  is  known  as  an  '  altazimuth.' 

284.  To  '  Set  up '  a  Theodolite. — Every  theodolite  has  its 
own  tripod  legs.  In  H.M.  Naval  Service,  for  some  at  present 
inexplicable  reason,  the  theodolites  and  legs  are  not  interchange- 
able with  each  other,  though  they  are  so  in  other  Departments. 
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285.  Care  of  Tripod  Legs. — It  is  therefore  most  important 
that  the  '  cap '  of  the  tripod  should  not  be  lost,  for,  if  the  thread 
which  it  covers  is  in  any  way  barred  or  damaged,  the  particular 
theodolite  belonging  to  it  is  equally  hoTB  de  combat. 

286.  Centre  of  Tripod  Plumb  the  Spot— The  centre  of 
the  tripod  legs  must  plumb  the  spot  of  obserration  (see  False 
Station^  p.  214,  and  p.  228),  and  there  is  a  plummet  supplied  for 
that  purpose,  which  is  intended  to  be  placed  over  the  hook  under 
the  head  of  the  tripod. 

287.  Angle  of  Legs. — At  the  time  of  'setting  up'  the 
tripod,  it  is  as  well  to  have  the  legs  separated  at  about  equal 
angles ;  and  the  angle  of  spread  should  be  as  large  as  possible, 
consistent  with  observing ;  both  for  the  safety  of  the  theodolite, 
and  for  its  immobility ;  always,  of  course,  consistent  with  other 
requirements. 

One  more  point  necessary  is,  t^t  the  plate  at  the  head  of  the 
tripod  should  be  roughly  horizontal  when  the  tripod  legs  are  set  up. 

288.  To  take  the  TheodoUte  out  of  the  Box  and 
*  Ship '  it. — With  the  left-hand  fingers  under,  seize  the  uppermost 
pillars  which  support  the  Y's. 

With  the  right  hand,  grip  the  levelling  plates ;  then  lift  both 
hands  together,  and  turn  the  instrument  upright.  Convey  the 
theodolite  to  the  tripod,  and,  still  holding  securely  with  the  left 
hand,  screw  the  base  on  to  the  receptacle  for  it  at  the  head  of  the 
tripod.  Be  quite  sure  it  is  screwed  'home,'  then  leave  hold. 
Remove  the  telescope  from  the  box,  and,  if  required,  change  the 
eye-piece.  Care  should  be  taken  in  doing  this,  to  keep  a  strong 
wind  from  breaking  the  'wires'  which  will  be  exposed  in  the 
process.  Raise  the  rings  over  the  Y's,  place  the  telescope,  dose 
the  rings  and  pin  them.  There  is  a  right  and  wrong  '  end  on ' 
for  the  telescope. 

289.  Placing  the  Telescope. — The  object-glass  should  be 
over  the  N.  marked  end  of  the  compass  bowl ;  or,  what  amounts  to 
the  same  thing,  the  tangent  screws  for  the  horizontal  arc  and  for 
the  vertical  arc  should  be  on  the  observing  side  of  the  instrument ; 
ahd  the  eye-piece  of  the  telescope  should  also  be  on  that  side. 

290.  Focusing  the  '  Wires.' — The  telescope  being  in  its 
place,  right  way  in  and  right  way  up  according  to  the  level 
attached  to  it,  focus  the  cross  wires  by  pulling  forward  the  eye- 
piece until  the  wires  are  sharply  defined.     (See  par.  271.) 

291.  To  Level  the  Theodolite. — The  levelling  thumb-screws 
are  between  the  levelling  plates.  Turn  them  all  in  succession,  to 
the  right  or  left  according  as  they  are  left-  or  right-handed  screws, 
so  as  to  '  harden  them  up '  '  hand  taut '  only. 

If  there  are  three  or  four  levelling  screws,  according  to  the 
instrument,  turn  the  horizontal  arc  round,  until  one  of  the  levels 
is  directly  over  one  of  the  levelling  screws. 
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Taking  the  case  of  the  four  screws,  B,  fig.  94. 

(a)  is  levelled  by  screws  3  and  4  ;  (b)  is  levelled  by  1  and  2.  If 
the  bubble  of  the  level  is  required  to  go  up,  or  towards  a  certain 
screw,  that  side  of  the  instrument  would  be  screwed  'up'  to 
raise  it.  In  doing  this,  the  opposite  screw  must  be  screwed 
'  back ' ;  the  simultaneous  motion  is  either  both  inwards  or  both 
outwards,  until  the  bubbles  are  in  the  centre  of  their  'runs.' 
After  being  told  how  to  place  the  levels  in  relation  to  the  screws, 
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only  ordinary  common  sense  and  practice  will  dictate  how  each 
level  is  adjusted  in  turn. 

The  instrument  is  now  level,  though  not  rigid.  The  axis  of  the 
horizontal  arc,  works  on  its  base  like  a  '  ball  and  socket ' ;  it  may 
be  truly  vertical,  but  the  ball  is  not  bearing  up  against  the  top  of 
the  socket.  Therefore  tighten  up  all  the  screws,  still  maintaining 
the  bubble  in  the  centre  of  the  levels,  until  they  are  reasonably 
tight.  If  correctly  carried  out,  the  bubbles  of  the  levels  will 
remain  in  the  centre  of  their  runs  while  the  graduated  plate  is 
turned  a  complete  revolution. 

292.  Lower  Levelling  Plates  should  be  nearly  Hori- 
zontal.— Now,  in  this  levelling  process,  the  lower  plate  of  the 
theodolite,  which  screws  on  parallel  with  the  head  of  the  tripod, 
is  a  base  plate,  on  which  the  theodolite  is  levelled ;  and,  if  not 
approximately  level  to  start  with,  the  upper  levelling  plate  may 
have  to  take  up  a  considerable  angle  with  it.  Since  the  heads  of 
the  levelling  screws  are  partly  imbedded  in  one  of  the  plates,  the 
fact  of  raising  one  end  of  one  plate  considerably  above  that  of  the 
other,  is  liable  to,  and  often  enough  does,  bend  or  cripple  or 
unevenly  wear  the  threads  of  the  screws.  Hence  the  necessity 
of  originally  setting  up  the  tripod  legs  with  the  top  plate  nearly 
horizontal. 

In  the  theodolites  fitted  with  three  levelling  screws,  the  process 
is  precisely  the  same     screws  Nos.  3  and  4  work  the  level  (a)  that 
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lies  parallel  to  the  line  joining  them ;  while  No.  1  screw  is  used  in 
combination  with  Nob.  3  and  4  (see  A,  fig.  94),  each  level  in  turn 
being  placed  over  one  of  the  screws. 

29a  Plaoing  the  Telescope  to  make  the  Wires  Hori- 
zontal and  Perpendicular. — The  next  step  is  to  adjust  the 
telescope  so  as  to  make  the  wires  horizontal  and  vertical  (see 
par.  278). 

Usually  a  zero  reading  of  0**  0'  serves  most  general  purposes 
(see  par.  269),  therefore  turn  the  index  of  the  left  vernier — that  is, 
the  one  which  will  be  on  the  left  of  the  observing  position — ^to  the 
reading  of  360**  0',  and  clamp  it  to  the  arc.  (See  Setting  Vernier, 
p.  7,  par.  19.) 

294.  Setting  the  Zero  Reading^. — In  some  inferior  instru- 
ments the  act  of  clamping  the  index  plate  to  the  arc,  may  sensibly 
disturb  the  level  of  the  index  plate.  If  it  is  a  perfect  fit,  and  free 
from  dirt,  its  plane  should  remain  parallel  with  the  horizontal  arc. 
The  error,  when  it  arises,  must  be  admitted  as  part  of  the  error  of 
observation  in  horizontal  angles,  though  in  the  case  of  vertical 
angles  it  is  eliminated  (see  par.  279).  This  particular  clamping 
screw  alluded  to  should  not  be  screwed  up  too  tightly,  but  only 
sufficiently  to  grip  the  arc :  the  motion  of  unscrewing  it,  if  set  up 
like  a  vice^  is  liable  to  disturb  the  level  of  the  instrument. 

295.  Directing  the  Telescope  on  the  Zero  Object. — With 
the  index  plate  and  graduated  plate  clamped  to  each  other,  turn 
them  both  round,  until  the  telescope  points  near  to  the  zero 
object  (see  Zeros,  p.  122,  pars.  264,  265),  clamp  it  there,  and  re- 
adjust the  focus  of  the  telescope  for  this  object.  Use  the  tsmgent 
screw,  and  place  the  centre  of  the  cross  wires  exactly  over  the 
object  (see  Errors  of  Tangent  Screws,  p.  9,  par.  23).  The  instru- 
ment will  now  be  levelled,  the  centre  of  the  cross  wires  over  the 
zero  object,  while  the  reading  by  the  left  index  will  be  360**  0', 
and  by  the  right  index  180**  or  thereabouts.  Note  this  thus : 
At  0  -0.  A  -  360*  00'     179'  59'. 

296.  Setting  the  Tangent  Screws. — It  may  be  hinted  that 
it  is  very  undesirable  for  the  tangent  screws  of  both  the  index 
plate  and  of  the  horizontal  plate  to  be  near  the  end  of  their  *  nms ' ; 
for,  if  the  mechanism  of  the  instrument  is  looked  into,  it  will  be 
noticed  that  both  the  screws  which  hold  the  tangent  screw  to 
its  guide  plate,  must  necessarily  have  a  certain  amount  of  play 
for  the  change  of  movement  and  direction  of  the  tangent  screw  ; 
for  the  pivoting  point  of  the  tangent  screw  can  only  possibly  be 
at  a  tangent  to  the  arc  at  one  spot,  and  the  further  from  that 
pivot,  the  greater  is  the  leverage  required  to  displace  it.  There 
is  bound  to  be  a  slight  movement,  which  no  amount  of  screwing 
up  of  the  pivot  will  overcome ;  in  fact,  it  is  that  very  screwing 
up  which  makes  the  mischief  worse. 

This  has  been  pointed  out  as  a  partial   explanation   for  the 
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small  '  play '  in  the  instrument,  and  for  the  error  when  referring 
back  to  the  zero,  which  is  often  perplexing. 

The  instrument  is  now  in  readiness  for  measuring  horizontal 
angles. 

297.  Taking  Horizontal  Angles  and  Beferenoe  to  Zero. 
— Unclamp  the  index  plate,  turn  the  telescope  to  each  object  in 
succession ;  if  it  is  turned  to  the  right,  continue  in  that  direction 
for  all  the  objects  observed ;  place  the  centre  of  the  cross  wires 
nearly  over  each,  clamp  at  that  position,  use  the  tangent  screw,  and 
read  off  both  verniers ;  finally,  refer  back  to  the  zero  object,  to 
see  whether  any  movement  has  taken  place  in  the  horizontal  arc. 
(See  par.  265.) 

298.  Observing  with  one  Eye  and  Reading  off  with  the 
other. — For  those  who  use  the  right  eye  to  observe  with,  it  may 
be  convenient  to  'read  off'  with  the  left,  but  it  is  not  so  evident 
to  the  left-eyed  observer  that  he  should  read  off  with  the  right. 
In  both  cases,  however,  there  may  be  a  rest  to  the  observ- 
ing eye. 

299.  Bye  Tube  for  Sun  Observations. — When  an  angle  to 
the  sun  is  required,  there  is  usually  a  supplementary  eye-piece  with 
coloured  shades,  which  is  shipped  when  required  for  the  purpose ; 
through  it  the  images  are  non-inverted. 

300.  True  Bearings  with  Theodolite. — An  angle  between 
the  zero  object  and  the  sun  is  required  for  the  purpose  of  deduc- 
ing the  true  bearing  of  the  object.  For,  if  the  sun's  true  bearing 
can  be  calculated  at  any  instant,  and  the  angle  between  it  and 
the  object  observed  at  that  instant,  then  the  true  bearing  of  the 
object  can  be  deduced. 

It  is  not  practicable  to  take  an  angle  to  the  sun's  centre ;  but 
if  the  vertical  wire  is  made  to  touch  either  the  right  or  left  limb 
of  the  sun,  at  the  centre  of  the  cross  wires,  the  semi-diameter 
applied  to  the  reading  will  give  the  horizontal  angle  to  the  sun's 
centre. 

301.  Importcmt  that  it  is  Level. — It  is  most  important  that 
the  instrument  be  level  (see  par.  277).  Supposing  it  to  be  so, 
there  is  still  the  error  in  the  vertical  wire ;  for  the  angle  must  be 
the  tangent  of  the  sun  at  the  end  of  its  horizontal  diameter ;  and 
any  single  observation  would  contain  this  error,  if  the  wire  is  not 
truly  vertical. 

302.  Eliminating  Error  of  Wire. — But  if  the  wire  has 
a  small  inclination, — in  the  process  of  handling  the  telescope 
while  directing  it  to  the  sun  such  an  error  easily  creeps  in, — and 
an  angle  is  taken  to  both  limbs  of  the  sun — in  other  words,  the 
sun  placed  on  each  side  of  the  wire — then  the  mean  of  the  readings 
is  the  angle  to  the  centre.  As  in  the  case  of  sun  observations 
with  a  sextant,  the  observer  waits  for  contact,  the  horizontal 
movement  being  set  in  advance,  while  with  the  tangent  screw  of 
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the  yertical  arc,  the  altitude  is  followed :  in  one  case  the  sun  is 
seen  closing  to  the  line,  in  the  other  separating  from  it. 

303.  Method  and  Order  of  Observing. — In  theory  the 
observation  taken  as  in  fig.  95  would  suffice ;  but  better  results 
can  be  obtained  if  the  suns  are  placed  in  each 
quadrant,  when  there  need  be  no  guessing  as 
to  the  position  of  the  centre  in  altitude,  as 
arises  in  fig.  95 ;  and  there  are,  moreover,  four 
observations  for  one  result.  The  mean  of  the 
four,  is  the  angle  to  the  centre.  Each  obser- 
vation is  taken  as  shown  in  {h)  fig.  96.  In 
{h)  (1)  the  left  and  lower  limbs  are  first  taken, 
in  (2)  the  right  and  upper  limbs. 

If  the  telescope  inverts,  the  image,  (1)  will  really  be  the  sun's 
right  limb  and  upper  limb ;  the  next,  (2),  would  be  the  left  and 
lower ;  and  if  the  observation  were  taken  a.m.,  the  movement  of 
the  sun  after  the  first  angle,  would  be  in  the  direction  of  the 
second — i.c.  rising  from  upper  to  lower  limb,  and  towards  the 
meridian,  from  S.E.  to  S.  in  the  example;  but  the  direction  of 
the  change  in  azimuth  would  depend  upon  the  latitude  and  declina- 
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tion.  Therefore  the  position  of  the  first  of  any  pair  of  sights  is 
adapted  to  the  geographical  position  of  the  observer,  as  well  as,  of 
course,  whether  a.m.  or  p.m.,  so  that  its  movement  shall  be  towards 
the  next  position  required. 

Example  of  finding  the  «tm'<  true  hearing  by  azimuth  and  from 
thence  deducing  the  true  hearing  of  the  *zero,* 

The  following  details  have  been  supplied  by  a  pupil : — 

(1)  Set  up  the  tripod  for  the  theodolite  at  the  given  spot,  and 
centre  it  correctly  over  the  mark  by  means  of  the  plummet.  Set 
the  cap  of  the  tripod  as  nearly  horizontal  as  possible  by  anything 
in  the  vicinity. 

(2)  Remove  the  theodolite  from  its  box,  holding  it  by  the  pillars 
with  the  left  hand,  and  round  the  levelling  plates  with  the  right ; 
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still  retaining  the  hold  with  the  left  hand,  screw  the  lower 
levelling  plate  on  to  the  head  of  the  tripod ;  make  quite  sure  that 
it  is  screwed  '  home.' 

(3)  *  Ship '  the  telescope  with  the  object-glass  over  the  N.  end 
of  the  compass  bowl,  which  is  in  the  centre  of  the  theodolite. 

(4)  Put  in  the  securing  pins. 

(5)  Turn  the  horizontal  arc,  so  that  one  of  the  levels  shall  be 
over  one  of  the  levelling  screws ;  and  '  level  up  '  the  instrument ; 
each  level  being  taken  in  turn  and  levelled  by  the  two  levelling 
screws  parallel  with  it. 

(6)  When  level,  tighten  up  all  the  levelling  screws. 

(7)  Focus  the  eye-piece  of  the  telescope  for  the  *  wires ';  then 
focus  and  turn  the  telescope  so  as  to  point  to  the  side  of  a  build- 
ing, or  to  a  plummet  line,  or  to  a  distant  object,  or  to  the  horizon 
line ;  and  adjust  it  so  as  to  make  either  the  vertical  wire  perpen- 
dicular, or  the  other  wire  horizontal. 

(8)  Adjust  and  clamp  the  reading  of  the  index  by  the  left 
vernier  so  that  it  will  read  0**  0'  0" ;  this  should  be  firmly  clamped 
without  being  made  too  tight. 

(9)  Turn  both  plates  round,  and  point  the  telescope  to  the  zero 
object  adopted,  placing  the  centre  of  the  cross  wires  over  a  well- 
defined  spot  on  it ;  you  may  have  to  re-focus  ;  clamp  it  there,  and 
with  the  aid  of  the  tangent  screw,  make  the  contact  as  exact  as 
you  can.  If  the  short  eye-piece  has  no  coloured  shades  the 
longer  eye-piece  should  be  *  shipped.* 

(10)  Then  release  the  upper  plate,  and  move  it  round,  using 
one  hand  on  each  side  of  it,  towards  the  direction  of  the  sun ; 
then  unclamp  the  vertical  arc  and  move  the  telescope  in  altitude 
until,  by  both  movements,  the  sun  is  visible  in  the  field  of  the 
telescope.     Clamp  both  the  horizontal  and  vertical  arcs. 

(11)  With  the  tangent  screws  of  both  move  the  cross  wires  of 
the  telescope,  so  that  the  vertical  wire  will  be  in  advance  of  the 
movement  of  the  sun  in  bearing ;  re-focus  the  telescope.  As  soon 
as  the  sun  appears  in  one  of  the  quadrants,  give  notice  to  your 
assistant  which  quadrant  you  are  going  to  begin  at ;  that  is,  call 
*  right  lower '  or  *  left  lower '  or  *  left  upper  *  or  *  right  upper ' ;  and, 
following  the  movement  in  altitude  by  the  tangent  screw  of  the 
vertical  arc,  wait  for  the  contact  with  the  vertical  wire,  i.e,  the 
movement  in  azimuth. 

(12)  When  the  sun's  limbs  are  touching  both  wires,  sing  out 
'stop.'  The  assistant  takes  the  time  with  a  watch,  and  writes 
it  down  opposite  the  quadrant  stated ;  and  you  read  off  the  angle. 

Repeat  this  for  the  four  quadrants ;  and  in  conclusion  refer  back 
to  your  zero,  and  say  Z.O.K. 

(13)  Do  not  steady  yourself  by  holding  on  to  the  legs  of  the 
tripod ;  and  be  careful,  when  changing  the  eye-piece,  to  readjust 
the  telescope  for  the  wires  ;  and,  when  directing  the  telescope  to 
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the  sun,  not  to  throw  the  instrument  out  of  level,  because  in  this 
observation  it  is  very  important  that  it  shall  remain  quite  level. 

(14)  The  assistant  compares  the  watch  with  the  chronometer 
as  soon  as  he  is  able. 

(15)  To  return  the  theodolite  to  its  box,  remove  the  telescope, 
replace  the  short  eye-piece,  ease  up  all  the  clamping  and  levelling 
screws,  take  hold  of  it  in  the  same  way  as  when  taking  it  out  of 
the  box,  unscrew  with  the  right  hand,  lift  off,  and  coax  it  into  the 
bed  made  for  it. 

Close  the  lid  of  the  box  gently,  and  if  there  is  an  unmistakable 
thud,  open  and  try  again. 

(16)  Replace  the  plummet,  and  screw  on  the  top  of  the  tripod. 

June  5,  1908.     3>»  30"»  p.m.     Lat.  51"  29'.     Long.  21"  E. 
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In  A  PZX  (fig.  97),  PX==P.  dist.,  PZ  =  co.  lat.,  XPZ=  hour- 
angle. 

loghav.  h.a.    3»»  31°»  29«  9297088  , 

log  sin  P  Z     38'  31'  00"  9794308 

log  sin  P  X     67**  26'  48"  9965440 

diff.     28**  55'  48"  9056836     hav.  =  39'  27'  46" 

log  vers.     39'  27'  46"  0227961 

log  vers.     28**  55' 48"  0124785 


log  vers.     0352746  =  49''  39  57"  =  ZX. 
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In  P  Z  X  to  find  PZX. 

log  cosec  PZ     38  3l'  OO"    10-205693 
logcosecZX     49  39  57     10-117880 


11  08  57 
PX     67  26  48 


logihav.  78  35  45  4-801645 
logjhav.  56  17  51  4*673721 

hav.   9-798938  =  105*  00'  03". 

Then  the  true  bearing  of  ©  (fig.  98)  was  N.  1 05"  00'  W. 
The  mean  reading  to  0  by  the  theodolite  was  328*  49'. 
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Fig.  98. 


Therefore  the  360*  00'  or  -0.  was  360'  -  328'  49'  to  the  right 

of  the  sun's  T.B.     (See  fig.  98.) 

i.tf.  31*  11'  to  the  right  of  N.  105'  00'  W. 

3r  11' 


N.  73*    49'W.=T.B.  of^ 

304.  Best  Time  to  Observe. — It  would  appear,  then,  that  if 
the  telescope  wire  is  vertical,  the  best  time  to  take  a  true  bearing 
would  be  when  the  sun's  movement  in  azimuth  is  at  right  angles 
to  the  wire,  the  moment  of  contact  being  more  sensible  than  if, 
for  instance,  the  sun  were  rising  almost  parallel  with  the  wire ; 
and  the  actual  error  in  the  observation  is  certainly  less  in  the  first 
case.  But  the  sun's  movement  is  most  rapid  in  azimuth  when  it 
is  moving  across  the  meridian,  or  the  vertical  line ;  hence,  a  small 
error  in  observation  at  that  time,  would  make  a  very  large 
difTerence  in  the  sun's  true  bearing  calculated  from  it ;  whereas, 
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when  it  is  moving  nearly  vertically,  a  large  error  of  observation 
will  make  the  minimum  error  in  azimuth. 

Moreover,  since  the  sun's  altitude  is  at  its  maximum  at  the 
meridian,  the  error  of  the  level  of  the  instrument  will  then  produce 
its  maximum  error. 

Therefore,  as  regards  the  sun's  position  for  taking  true  bearings 
its  change  in  azimuth  should  be  a  minimum,  in  order  to  eliminate 
the  error  in  observation  or  in  the  hour  angle ;  and  its  altitude  a 
minimimi,  on  account  of  error  in  the  level  of  the  theodolite. 

305.  True  Bearing  of  Sun  obtained  by  Altitude. — If  the 
sun's  true  bearing  is  calculated  from  its  altitude,  then  another 
observer  is  necessary  to  observe  the  altitude ;  and  since  an  error 
of  altitude  makes  least  error  in  azimuth  when  the  sun  is  in 
the  prime  vertical,  when  the  sun  is  on  a  bearing  of  east  or  west 
is  the  best  time  to  observe;  and  finally,  if  it  is  desired  to 
eliminate  errors  of  observation  in  altitude,  then  both,  theodolite 
angles  in  azimuth,  and  sextant  angles  for  altitudes,  should  be 
taken  on  each  side  of  the  meridian.  (See  Tnie  Bearvng  by  Sextant 
Angles,  p.  102 ;  note,  p.  106,  and  par.  226  ) 

The  position  of  the  zero  in  reference  to  the  sun's  position  is 
investigated  on  p.  99,  and  applies  specially  here  for  reason  there 
given. 

306.  True  North  as  a  Zero. — The  true  bearing  of  the  zero 
object  having  been  determined,  its  angle  from  north  can  be  used 
as  a  reading  of  the  zero  for  the  true  bearings  of  any  other  object. 

Supposing  at  O,  the  true  bearing  of  A  is  found  to  be  S.  34**  28'  £., 
that  is,  N.  U5**  32'  E. 

If  now  the  index  is  set  on  the  arc  at  145^  32',  and  the  lower 
plate  adjusted  with  the  cross  wires  over  A,  then  the  reading  of 
360"*  0'  on  the  arc  will  be  the  direction  of  true  north ;  and  all 
the  consequent  readings  taken  with  A-  A  145*  32'  will  give  the 

true  bearings  of  each  object  observed,  all  being  from  true  north. 
Thus,  if  B  reads  215*"  17',  that  is  its  angle  from  north ;  in  other 
words,  north  is  now  zero,  360*  00'. 

If  C  reads  17°  50',  its  bearing  is  N.  17*  50'  E.,  and  so  on. 

307.  Triangulating  by  Bearings. — In  this  form  of  taking 
angles  and  bearings  they  are  usually  plotted  by  ordinates,  their 
value  or  length  being  laid  or  *8et  off'  along  both  the  north  and 
south  line,  and  the  east  and  west  line,  instead  of  the  direct 
method  by  chords. 

This  form  of  *sets  off,'  however,  is  more  adapted  to  land  sur- 
veying in  the  sub-measurements  of  areas  and  allotments. 

308.  Theodolite  Compckss.  —  But  here  the  connection 
suggests  itself  between  the  position  of  the  telescope  and  the  north 
and  south  line  of  the  compass  bowl ;  for  if  the  telescope  is  on  that 
line,  then  the  north  end  of  the  bowl  is  carried  round  with  the  line 
of  the  telescope,  and  the  angle  between  the  magnetic  north  end 
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of  the  compass  needle,  and  the  position  of  the  marked  point  of 
north,  is  evidently  the  magnetic  bearing  of  the  object.  The 
compass  bowl  is  graduated  through  360**. 

By  these  means  then,  may  be  obtained  both  the  true  and 
magTieHc  bearing  of  any  object ;  the  difference  between  the  two 
being  the  variation;  but  the  graduations  on  the  compass  bowl 
are  only  marked  to  degrees,  and  the  accuracy  of  reading  will  not 
be  reliable  within  half  a  degree. 


VARIATION. 

309.  Vairiation. — The  variation  will  always  be  required  to 
something  nearer  than  half  a  degree,  and  a  larger  compass  than 
that  attached  to  a  theodolite  is  necessary  in  order  to  obtain 
graduations  of  smaller  values. 

The  landing  compass  (see  p.  117)  serves  the  purpose  admirably ; 
for  the  compass  card  is  graduated  to  20'  of  arc,  and  by  interpolar 
tion  an  approximate  reading  of  5'  can  be  obtained ;  any  compass, 
however,  will  do. 

If  the  true  bearings  of  a  number  of  points  are  obtained  first, 
through  angles  taken  with  the  theodolite,  and,  following  this,  the 
bearings  of  the  same  points  are  taken  with  a  compass  placed 
over  the  exact  spot  that  the  theodolite  occupied,  then  the 
difference  between  the  true  and  compass  bearing  is  the  variation. 
(See  Example,  p.  147.) 

310.  Where  not  to  Observe  from. — Of  course,  the  place  of 
observation  for  variation  should  be  free  from  local  disturbance ; 
that  above  ground  is  evident ;  but  the  chemical  properties  of  the 
soil  are  usually  undetermined,  and  it  is  hard  to  say  when  one  is 
quite  free  from  the  influence  of  a  neighbouring  mass  of  magnetic 
mineral. 

It  may  be  necessary  to  remind  an  observer  that  keys,  knives, 
steel  cigarette  cases,  and  steel-cased  watches  are  local  disturbances, 
and,  if  it  is  wise  to  do  so  on  account  of  the  safety  of  the  articles, 
should  be  placed  on  one  side,  or  else  be  strung  up  under  the  centre 
of  the  compass,  where  they  will  do  the  least  possible  harm. 

311.  Objects  to  Observe  for  Variation. — In  selecting  the 
objects  for  the  purposes  of  finding  variation,  it  must  be  borne  in 
mind,  that  the  compass  verge  has  not  the  same  efficiency  in  its 
line  of  sight  as  the  telescope ;  it  is,  in  fact^  merely  a  thick-looking 
thread,  held  vertical  by  a  frame  more  or  less  correct,  viewed  at 
9  or  10  inches  off  through  a  slit. 

Therefore  objects  suitably  near  to  distinguish  them  properly 
are  more  adaptable  for  the  compass :  again,  objects  of  different 
elevations  would  not  be  suitable  to  the  compass,  because  of  the 
rough  arrangement  for  the  vertical  plane  of  the  foresight ;  they 
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should  be  all  on  about  the  same  level  as  the  top  of  the  compass, 
and  just  visible  above  it. 

312.  To  Eliminate  Centring  Error  of  Card.  —  Then 
again,  there  is  the  existence  of  centring  error  in  the  compass 
card,  of  the  same  nature  as  in  the  sextant  and  theodolite,  and 
probably  an  exaggerated  form  of  it,  as  well  as  an  error  in  the 
graduations  of  the  compass  card;  the  only  way  to  eliminate 
both  these  errors  is  to  take  the  bearing  of  a  number  of  surround- 
ing objects,  and  on  nearly  opposite  points  of  the  compass ;  eight 
bearings,  approximately  45**  apart,  should  give  good  residts. 

Error  in  Level. — Again,  if  the  line  of  sight,  ».e.  the  verge, 
does  not  work  in  a  horizontal  plane  parallel  to  that  of  the  com- 
pass card,  there  is  still  another  error  in  the  readings,  which 
cannot  be  eradicated,  unless  the  error  of  the  inclination  is  a 
constant  throughout  the  observations :  but,  caused  by  handling, 
it  is  in  fact  irregular,  and  comes  under  the  head  of  an  error  of 
observation  in  the  bearing,  the  total  of  which  may  be  ±10'. 

It  is  found  the  most  convenient,  in  regulating  the  height  and 
distance  of  the  objects,  as  well  as  their  positions  in  bearing,  if  a 
number  of  temporary  staves  are  erected,  surrounding  the  com- 
pass at  a  distance  of  a  few  hundred  yards ;  the  nearer  they 
are  to  the  observer,  the  greater  the  importance  of  the  compass 
being  plumbed  over  the  exact  spot  that  the  theodolite  occupied. 

812a.  To  Observe  for  Variation. — With,  first,  the  theodolite, 
the  true  bearing  of  a  distant  object  is  found  (see  Example^  pp.  141 
and  147);  then  from  the  angles  observed  between  the  object  and  the 
temporary  marks,  their  true  bearings  are  deduced.  If  the  T.B. 
of  ^  is  S.  34**  30'  E.  and  the  reading  by  theodolite  to  (a)  is 

62**  10',  then  T.B.  of  a  is  S.  2T  40'  W. :  or,  as  before  described 
(par.  306),  the  zero  reading  may  be  set  at  34"*  30',  and  the  reading 
to  a,  6,  and  c  will  be  their  true  bearing.     (See  Example^  p.  147.) 

The  compass  is  then  placed  over  the  same  spot,  and  the 
magnetic  bearing  of  each  object  observed. 

The  difference  between  the  true  bearing  and  the  magnetic 
bearing  of  each  staff  gives  the  variation;  there  being  eight 
observations,  if  the  staves  are  erected  at  about  45''  apart. 

The  mean  of  these  gives  the  resulting  variation  (see  Bx- 
ample,  p.  147),  free  from  centring  error. 

313.  Vajiations  without  using  the  Theodolite. — If  a 
compass  is  fitted  with  the  gradiuUed  verge,  variation  may  be 
found  with  it,  either  wholly  or  partly,  without  the  assistance  of 
the  theodolite,  and  without  the  assistance  of  the  supplemen- 
tary marks. 

For,  first  set  it  up  eu  a  theodolite^  pointing  to  the  zero, 
360*  00'  on  the  left  vernier,  and  the  reading,  whatever  it  is,  on 
the  right ;  the  bowl  is  now  a  fixture.     The  line  of  sight  can  then 
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be  turned  to  the  sun ;  and,  by  means  of  the  ebonite  reflector 
attached  to  the  foresight,  an  angle,  as  indicated  on  the  graduated 
verge,  is  obtained  between  the  zero  object  and  the  sun's  limbs,  each 
limb  taken  in  turn — and  the  time  taken  by  watch.  Just  as  on  a 
theodolite,  the  angle  is  read  off  on  the  graduated  '  verge '  or  arc,  on 
both  verniers,  with  the  aid  of  a  reading  glass  or  microscope,  and 
again,  as  usual,  referred  back  to  the  zero.     (See  Eoecumpley  p.  148.) 

314.  Results  not  so  Accurate  as  Theodolite. — For  obvious 
reasons,  this  observation  will  not  be  so  accurate  as  that  obtained 
with  a  theodolite;  the  means  of  observing  are  not  so  efficient. 
The  conditions  for  the  best  time  to  observe,  and  positions  of  the 
sun  and  object — i.e.  as  to  the  position  of  the  sun  in  altitude,  in 
bearing,  and  in  inclination  relative  to  the  zero  object — are 
identical  with  these  when  taken  with  a  theodolite  or  a  sextant 
(see  par.  304). 

315.  To  Calculate  and  to  Observe. — From  the  recorded 
time  of  the  observation,  first  the  true  bearing  of  the  sun  is 
calculated,  and  hence  the  true  bearing  of  the  zero  object  is 
deduced;  but  these  calcidations  are  not  required  until  all  the 
operations  for  finding  the  variation  are  concluded. 

The  graduated  arc  is  now  set  at  360*"  00',  the  line  of  sight  is 
pointing  to  the  zero  object,  and  the  bowl  clamped;  without  a 
tangent  screw,  this  is  a  rough  operation. 

Now,  move  the  line  of  sight  roimd  to  the  right,  until  the  read- 
ing on  the  verge,  by  the  left  index,  is  exactly  60°  0',  and  read 
off  the  right  vernier.  The  line  of  sight  is  now  pointing  to  no  par- 
ticular object,  but  the  direction  is,  the  mean  of  the  left  and  right 
readings,  to  the  right  of  the  zero.     (See  Example,  p.  148.) 

If,  then,  the  true  bearing  of  the  zero  is  known ;  then  the  true 
bearing  of  the  direction  of  the  line  of  sight  placed  at  any  angle 
can  be  deduced :  in  this  case  the  angle  was  about  60**  0',  and  if,  as 
follows,  the  compass  bearing  is  taken  of  that  direction,  indicated 
by  the  sight  vane,  then  the  difference  between  the  true  and  the 
magnetic  bearing  gives  the  variation.  Practically  this  is  correct- 
ing the  centring  error  of  the  card  by  the  graduated  arc :  when 
using  the  theodolite,  that  instrument  was  employed  for  this 
purpose  (see  par.  312). 

Continue  the  same  process  at  120**,  at  180*,  240°,  300',  and 
finally  refer  back  to  the  zero,  and  take  its  compass  bearing  also. 
This  produces  (see  Example,  p.  148)  six  observations  for  variation  : 
centring  error  will  be  eliminated,  both  of  the  verge,  by  its  two 
readings,  and  of  the  compass  card ;  but  the  inconstant  position  of 
the  plane  of  the  verge  (see  par.  251)  remains  an  unknown  error. 

316.  Example  to  find  Variation  with  the  Assistance  of 
Theodolite — ^Azimuth  calculated  ft^m  *  Time.' — To  find  the 
variation,  with  the  aid  of  a  theodolite,  without  special  staves,  and 
through  the  azimuth  calculated  from  '  time,^ 
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Continuing  the  example  from  p.  142. 

The  T.B.  there  deduced  of  0  was  N.  73°  49'  W. 

The  index  on  the  upper  plate  of  the  theodolite  was  now  set  to 
286**  11'  (i,e.  360' -73°  49'),  and  both  plates  turned  so  that  the 
telescope  was  over  the  •^-  object. 

Unclamp  the  upper  plate,  and  observe  the  readings  to  the 
following  objects : — 


T.B. 

C.B.  (obaerved). 

Variation. 

AtJ-^ 

286'  11 

N.  73  49  W. 

N. 56  40  W. 

17  09  W. 

dome 

342  56 

17  04  W. 

N.  0  10  E. 

17  04 W. 

rail 

45  06 

N.  45  06  E. 

N.  62  26  E. 

17  20  W. 

Spot  (1) 

107  42 

N.  107  42  E. 

S.  54  50  E. 

17  18 W. 

Spot  (2) 

162  34 

162  34 E. 

S.  0  20  E. 

17  06 W. 

Spot  (3) 

224  20 

S.  44  20  W. 

S.  61  30  E. 

17  low. 

Mean  variation 

17  13  W. 

The  T.B.  (true  bearings)  are  the  theodolite  readings  converted 
into  angles  from  north  and  south  (see  par.  306). 

The  theodolite  was  removed,  the  compass  being  substituted  in 
its  place,  over  exactly  the  same  spot,  and  the  C.B.  (compass 
bearings)  read  off  from  the  compass  card. 

The  variation  coliunn  is  the  difference  of  the  true  and  compass 
bearings ;  and  the  mean,  without  applying  the  error  of  the  card, 
was  17'  13"  W. 

317.  To  find  V£uiation  with  CompaBS  only — and  Sextant 
for  T.B.  by  Altitude  Azimuth. — Example. — To  find  the  varia- 
tion using  the  '  landing  compass '  only ;  the  sun's  altitude  being 
taken  with  a  sextant,  in  an  artificial  horizon,  and  the  sun's  T.B. 
derived  therefrom. 

Set  up  the  compass  over  the  observation  spot  with  the 
plummet ;  the  top  of  the  tripod  should  be  roughly  horizontal. 

Set  the  left  index  of  the  graduated  arc  at  360°  00',  then  turn 
bowl  and  all  round,  pointing  the  line  of  sight  to  the  zero  object ; 
sight  it  through  the  slit  in  line  with  the  fore  wire,  and  clamp 
there. 

Then  move  the  upper  plate  round  to  the  sun ;  be  carefid  not  to 
disturb  the  level  of  the  bowl  more  than  is  possible. 

Raise  the  black  ebonite  reflector  that  is  attached  to  the  fore 
sight,  just  so  as  to  catch  the  image  of  the  sun,  when  looking 
through  the  hind  slit ;  raise  it  sufficiently  to  allow  for  advancing 
movement  in  altitude ;  put  up  any  necessary  coloured  shade. 

Then  '  advance '  the  reading  on  the  graduated  verge,  allowing 
for  the  movement  of  the  sun  in  bearing,  and  read  off. 
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Wait  till  the  limb  of  the  sun,  seen  in  the  reflector,  touches  the 
vertical  wire  of  the  fore  sight,  then  '  stop.' 

Do  not  touch  the  reading ;  wait  till  the  other  limb  is  in  contact, 
then  '  stop '  again. 

In  the  interval  which  elapses  between  the  contact  of  the  sun's 
limbs,  take  the  sun's  altitude  in  the  artificial  horizon,  as  also 
the  time. 


Thus :  at  J 
3h  27m  IQs 

3h  3im  26«  IQ 

3^  29°»  lO-  alt.Q 

These  are  not  de-  [  a 
finite  objects,  I  5 
but  letters!  ^ 
only,  distin- 
gaishine  each 
set  angle. 


Left 
Index. 

360  00 
87  00 
87  00 
80  40 

60  00 
120  00 
180  00 
240  00 
300  00 


Rieht 
Indez. 

180  05 
267  15 
267  15 


240  10 

300  12 

00  07 

59  50 

120  00 


Z.O.K. 


T.B. 
(calculated). 

S.12'24E. 


T.B. 

(derived ). 

S.47  38  W. 
N.72  19  W. 
N.12  23W. 
N.47  28  E. 
S.72  21  E. 


C.B. 
(observed). 

S.  4  50W. 


S.64  50  W. 
N.55  00  W. 
N.  4  40  E. 
N.64  50  E. 
S.55  10  E. 


Mean  variation 


Variation. 

17  14 

W. 

17  12 
17  19 
17  03 
17  23 
17  11 

W. 
W. 
W. 
W. 
W. 

I7  13i 

W. 

It 


h    m      s  o 

Mean  of  the  times  by  watch    3  29  18     Dec.         22  32  14  N. 
Error  of  watch  fast    .         .010     change  +        0  58 


3  28  0 
Long.    0    1  0  W. 


22  33  12 
90    0    0 


G.M.T.    3  29  0         P.D.    67  26  48 


16-6  + 
3-5 

581 


O  I  II 


e  I 


Obs.  alt.      80  40    0     log  sec  lat.  51  29     10205691 
I.E.        0    5  30     log  sec  alt.  40  32     10119170 


2|80  34  30 
40  17  15 


10  57 
P.D.    67  27 


R  -  P        0    1  02     log  i  hav.   78  24       4-800737 


40  16  13     log  \  hav.   56  30      4675155 
S.D.  +   0  15  49 


Tr.  alt.        40  32  02 


hav.    9-800753    N.  105*  19'  W, 
T.B.  ©  N.  105*  19'  W. 
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The  angle  between  -^  and  0  at 
3h  29»  18«  (mean  of  Ol  and  |0  times) 
by  left  vernier  is        .         .     87' 00' 

Do.  by  right  vernier  is  .         .     87*  10' 


Mean  reading  to  0 


87  05 


T.R  ©  N.106  19  W. 
87  05 


N.  192  24  W.  (see  fig.  99) 
calculated  T.B.  ^  S.  12  24  £. 
This  bearing  is  transferred  to  the  third  column. 


Fig.  99. 

After  this  has  been  found,  the  columns  above  are  filled  in  as 
shown.  Since  the  left  index  reads  60*"  to  a,  and  by  the  right 
index  it  is  the  diflference  between  180*  05'  and  240"  10' =  60"  05' 
(this  disagreement  with  the  left  index  being  due  to  centring 
error),  accept  the  mean  of  the  two  as  the  correct  angle  to 
a  =  60*02'. 

Apply  60*  02'  to  the  right  of  S.  12*  24'  E.  is  S.  47*  38'  W. ;  in 
a  similar  way  can  the  T.B.  of  6,  e,  d^  and  e  be  deduced  and 
entered  in  the  column ;  and,  as  before,  the  difference  between  the 
true  and  compass  bearings  is  the  variation,  apart  from  the  error 
of  the  card. 

THEODOLITE  ADJUSTMENT. 

318.  Two  lines  at  right  angles  to  each  other,  drawn  on  a  sheet 
of  paper,  which  is  pinned  on  a  wall,  so  that  the  vertical  line  is  on 
the  same  line  as  the  plumb,  will  constitute  a  rough  collimator. 
This  can  be  set  up  on  a  wall 

1.  Ck>rrect  for  collimation. 

310.  AdUustment  for  Collimation. — The  theodolite  is  set 
up  roughly  levelled,  and  the  telescope  is  set  with  its  centre 
pointing  to  the  centre  of  the  collimator,  which,  of  course,  will  have 
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(b) 

i 


to  be  adjusted  in  height.  The  telescope  is  then  turned  on  its 
longitudinal  axis,  and  if  the  centre  of  the  cross  wires  deviates 
from  the  centre  of  the  collimator,  the  wires  require  adjusting. 

Turn  the   telescope   so   that 
(3)  '"'  the  centre  of  the   cross   wires, 

if  in  error,  is  brought  on  to 
the  horizontal  line  of  the  coUi- 
.  mator  (that  is,  turn  it  a 
quadrant ;  see  fig.  100).  What 
error  there  is  is  removed,  half 
Fig.  100.  ^7  ^^®  horizontal  arc   tangent 

screw  of  the  theodolite,  and 
half  by  the  screws  on  the  diaphragm  in  the  line  of  the  error 
(see  fig.  100,  a).  Next,  turn  the  telescope  a  further  quadrant, 
and  what  error  there  is,  is  removed,  one-half  by  the  vertical  arc 
tangent  screw,  and  half  by  the  diaphragm  screws  (see  fig.  100,  b). 
2.  The  next  adjustment  is  for  '  roll.' 

320.  Adjustment  for  'Boll.' — The  telescope  is  levelled,  and 
*  rolled '  through  an  equal  angle  of  about  45%  and  if  the  bubble 
does  not  remain  in  its  place,  the  adjustment  is  made  to  the  nde 
screws  attached  to  the  level — practically,  this  is  to  get  the  level 
in  the  same  vertical  plane  as  the  axis  of  the  telescope. 

The  error  is  of  the  description  shown  in  fig.  101  (a).     L  is 

(a) 

T 


(b) 


5 


ir 


Fig.  101. 


required  to  be  parallel  to  T  T.  The  adjusting  screws  are  shown 
by  large  *  dots '  which  are  at  one  end  of  the  level  only. 

3.  Adjustment  for  reversion. 

321.  AcljuBtiBg  for '  Reversion.' — Level  the  theodolite,  place 
the  long  axis  of  the  telescope  over  two  levelling  screws,  and  level 
it  by  the  level  attached,  half  by  these  screws  and  half  by  the 
vertical  arc  screws.  Reverse  the  telescope  end  for  end;  if  the 
bubble  does  not  remain  central,  then  the  level  is  not  parallel  with 
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the  axis  of  the  telescope.  Half  the  error  is  removed  by  the 
vertical  arc  tangent  screw,  the  other  half  by  the  adjusting  screws 
of  the  level. 

The  error  is  as  shown  in  fig.  101  (b). 

The  adjusting  screw  is  shown  by  large  dot ;  it  is  at  one  end 
only  of  the  level. 

4.  To  adjust  the  index  plate  levels. 

322.  Adjusting  Horizontal  Plate  Levels. — The  instrument 
being  roughly  levelled,  then  unclamp  the  index  from  the  gradwated 
platCy  and  level  it  by  mea/ns  of  the  level  on  the  telescope. 

Place  the  long  axis  of  the  telescope  over  a  pair  of  the  levelling 
screws,  and  in  this  position,  bring  the  bubble  of  the  telescope  level 
to  its  centre,  equally,  by  the  levelling  screws  and  the  tangent  screw 
of  the  vertical  arc  ;  turn  it  through  180^,  and  do  the  same  there ; 
also  at  90'',  and  at  270**^  The  index  plate  will  now  be  level, 
and  the  internal  axis  vertical.  If  the  bubbles  of  the  levels  on  the 
index  plate  are  not  now  in  the  centre  of  their  runs,  they  must  be 
placed  there,  by  adjusting  each  level ;  screw  up  one  end,  and  back 
the  other  by  an  equal  amount. 

4  (a)  323.  Testing  the  Parallelism  of  the  Plates.— Now 
direct  the  cross  wires  of  the  telescope  to  the  centre  of  the  colli- 
mator; keeping  the  telescope  directed  to  this  centre,  turn  the 
gradiuUed  plate  round.  If  the  centre  of  the  cross  wires  is  dis- 
turbed, up  or  down,  then  the  index  and  graduated  plates  are  not 
parallel ;  or,  which  is  the  same  thing,  the  internal  and  external 
axes  are  inaccurate,  and  their  common  centre  is  not  identical. 
Only  a  maker  can  rectify  this.  In  the  absence  of  a  home-made 
collimator,  up  to  a  certain  stage,  a  plummet  line  would  serve 
almost  as  well ;  but  for  this  last  test  a  collimator  is  necessary. 

4  (b)  324.  Testing  the  Vertical  Plane.— The  index  plate 
being  level,  the  vertical  movement  of  the  telescope  should  be  in 
a  true  vertical  plane.  Turn  the  telescope  so  that  its  vertical 
wire  is  truly  vertical ;  this  will  have  to  be  done  with  a  plumb- 
line.  Then,  using  the  same  plumb-line,  move  the  vertical  arc  so 
that  the  wire  of  the  telescope  travels  up  and  down  it.  If  correct, 
the  wire  will  remain  on  the  line.  In  the  ordinary  theodolite 
there  is  no  adjustment  for  the  error  if  it  exists ;  but  in  some  of 
them,  and  in  transit  instruments,  there  is  a  means  of  moving  the 
lateral  axis  of  the  telescope. 

If  the  error  exists,  and  is  unadjustable,  the  resulting  error  is 
the  same  as  if  the  whole  instrument  were  out  of  level ;  and  the 
cause  of  the  error  is  probably  the  same  that  produced  error  4a 
as  above  described— that  is,  being  roughly  handled  when  removed 
from  or  replaced  in  the  box. 


CHAPTER  XVIII. 

THE  CHAIN;    THE  TEN-FOOT  POLE  AND 

LEVELLING  STAFF. 

325.  Pole  held  Vertically.— If  a  pole  T  B,  in  fig.  102,  of 
known  length,  is  held  vertically  at  B,  and  the  angle  it  subtends, 
T  0  B,  is  measured  with  a  sextant  (see  Parallax^  par.  5)  or  with 
a  theodolite,  then  B  0,  the  distance  from  the  base  of  the  pole  to 
0,  the  observer,  =  TB.cotTOB,  TBO  being  a  right  angle. 

TT' 


Fig.  102. 

This  is  conditional  on  BT  being  truly  vertical,  and  this 
can  only  be  obtained  accurately  with  a  plummet.  If  an  arc 
of  a  circle  be  described  with  centre  B  and  a  radius  BT, 
then  the  maximum  angle  subtended  by  BT  or  BT'  is  when 
OT'  is  a  tangent  to  BT',  and  BT'O  is  the  right  angle;  then 
B0  =  Br.co8ecB0T'.  The  position  BT'  can  be  obtained  by 
moving  the  pole  in  a  vertical  circular  movement,  pivoted  at  B, 
B  0  T'  being  the  maximum  angle  subtended  by  B  T. 

When  B  0  T  is  small  there  is  no  appreciable  difference  between 
the  cosec.  and  the  cot;  and  if  BT  is  also  small,  then  there  is 
practically   no   diflference  between  B  T  cot  B  0  T  and  B  T'.  cosec 

Bor. 

If  BT  is  10  feet,  ensuing  calculation  is  simplified. 

Example,— BO "^^  is  1';  BT  =  10  feet,  required  BO.  The 
natural  cotangent  and  cosec  of  1*  is  57*29.  Multiply  by  10, 
makes  OBs 572*9. 

326.  Distance  by  10 -foot  Pole.  Pole  held  Hori- 
zontally.— Hence    the    natural    cotangent   table  (see  /nmon'a 
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Tables)  is  practically  a  distance  table  for  a  10-foot  pole,  by  merely 
shifting  the  decimal  point. 

In  a  similar  way,  if  the  pole  is  held  horizontally  at  B  (fig.  103), 
the  angle  measured  at  O  is  not  the  maximum  angle ;  but 

OA  =  AT  cot  TOA 

TB      ^TOB 
«-7^  cot  — - — 
2  2 

TO  B 

If    TOB    is    small,   not   greater    than   2',   thea  cot   — tt-^ 

Jt 

2cotT0B;  therefore  0A  =  ^.  2  cot  TOB  =  TB  cot  TOB. 

If  the  maximum  angle  T'OB'  is  observed,  obtained  by  the 
action  of  swinging  B  T  horizontally,  then,  by  the  same  analysis 
as  before,  B  A  »  B  T  cosec  TOB;  and,  using  the  same  argument, 
if  both  BT  and  angle  TOB  are  small,  there  is  no  appreciable 
diflFerence  between  B  T  cot  T  0  B  and  B'  T  cosec  T'  O  B'. 


Fio.  103. 

327.  Errors  in  the  Distanoe  Obtained  by  lO-foot  Pole. 

— The  same  method  is  then  adopted  to  obtain  0  A  when  the  pole 
is  held  horizontally  to  that  when  held  vertically.  It  must  not 
be  forgotten  that  both  the  cotangent  and  cosecant  increase  very 
rapidly  when  the  angles  are  small,  and  therefore  a  small  error 
in  observation  in  small  angles  will  make  a  very  great  difference 
to  the  distance  0  A  or  0  B ;  an  erroneous  position  of  B  T,  i,t,  if 
B  T  is  not  nearly  perpendicular  to  0  A,  will  produce  an  error  of 
observation;  and  when  it  is  swung  to  and  fro,  by  which  the 
maximum  angle  is  obtained,  the  corresponding  distance  will  be 
slightly  too  short  (see  fig.  103) ;  but  as  the  angle  subtended  gets 
smaller,  so  also  will  thU  w/wrce  of  error  be  reduced ;  the  correct- 
ness of  the  result  will  therefore  depend  almost  entirely  upon  the 
observation.  In  practice,  the  actual  observation  is  not  easy  to 
make  without  error,  when  using  a  sextant,  and,  moreover,  there  is 
the  parallax  of  the  sextant  (see  p.  3)  ;  it  cannot  therefore  be  said 
to  be  definitely  accurate. 

328.  Greater  Aooura>oy  when  Angles  Measured  by 
Theodolite. — With  a  theodolite,  however,  the  results  can  be 
very  satisfactory;  knowing  this,  there  will  be  a  time  and  place 
where  such  extra  accuracy  is  desired.     It  will  serve,  for  instance^ 
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to  measure  the  distance  from  high-  to  low-water  line  (see  Example, 
p.  260),  or  to  put  in  the  ooast-line  on  parts  where  other  means 
fail,  such  as  creeks ;  or  to  measure  the  width  of  a  river  in  parts, 
or  the  distance  of  a  buoy  from  a  certain  point  could  be  measured ; 
and  see  p.  238. 

329.  Ten-foot  Pole  Oonstruction.— The  10-foot  pole  is 
essentially  the  implement  of  a  hydrographic  surveyor,  and  is 
generally  coupled  with  a  sextant ;  it  is  simply  constructed.  Take 
any  pole  a  little  more  than  10  feet  in  length,  and  nail  at  each 
end  a  cross  piece  with  a  white  streak  on  a  black  ground,  or  a 
black  streak  on  a  white  ground,  so  that  the  distance  from  centre 
to  centre  of  the  streaks  is  exactly  10  feet :  of  course,  the  10-foot 
pole  is  only  the  means  of  obtaining  a  distance;  its  relative 
position  to  the  observer  in  bearing  is  obtained  by  a  small 
prismatic  compass,  or,  if  possible,  from  a  sextant  angle  to  or  from 
another  ^0c?  object. 


THE  LEVELLING  STAFF. 

330.  The  most  elaborate  form  of  levelling  staff  consists  of 
three  batons  of  hard  wood,  so  constructed  that  two  of  them  tele- 
scope into  the  third,  or  up  and  down  each  other.  Each  part  is 
marked  in  feet,  tenths  and  hundredths ;  and  when  the  three  parts 
are  pulled  out  end  on  to  each  other,  form  a  continuous  reading 
from  the  0  up  to  15  feet;  any  staff,  however,  marked  in  feet 
and  inches  will  serve.  It  is  always  used  in  combination  with  a 
theodolite,  or  with  a  level,  and  therefore  more  adapted  to 
engineers  and  land  surveyors  than  generally  on  hydrographic 
work.  Its  range  of  action  with  most  theodolite  telescopes  is 
limited  to  about  500  feet ;  beyond  that  the  marks  on  it  cannot 
be  read  off  distinctly.  Its  primary  purpose  is  for  measuring  the 
difference  of  level. 

331.  To  Obtain  the  Difference  of  Level — Let  a  theodolite 
be  'set  up'  at  A,  fig.   104,  and  the  levelling  staff  held  at  X,  at 
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H.W.  line  level,  on  the  same  level  or  close  to  A;  then  the 
height  of  A's  eye  above  the  base  of  X  can  be  read  off  X.     Suppose 
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when  the  telescope  is  level  the  reading  on  the  staff  is  5*36  feet ; 
in  taking  the  resulings  on  the  levelling  staff  two  observations  are 
made —one  with  the  telescope  levelled  the  ordinary  way  of  use,  the 
other  with  the  telescope  levelled,  but  reversed  end  for  end ;  by 
this  means,  the  error  in  the  adjustment  in  the  level  attached  to 
the  telescope  is  eliminated. 

If  the  telescope  is  turned  to  the  same  levelling  staff,  now 
advanced  to  Y,  and  the  reading  there  is  2*75  feet,  then  the 
difference  of  level  between  the  foot  of  the  theodolite  at  A,  or  the 
foot  of  the  staff  at  X,  and  the  base  of  the  staff  at  Y  due  to  the 
incline  is  5*36  -  2*75 » 2*61  feet;  or  it  is  the  difference  between 
the  'back'  reading  and  the  'fore'  reading.  Suppose  the 
theodolite  moved  to  B  and  the  '  back '  reading  on  Y  staff  to  be 
14*92  feet,  and  again  the  'fore'  reading  on  the  staff  at  Y  to  be 
1  '3  feet,  then  the  difference  of  level  between  the  base  of  the  staff 
at  X  and  the  top  of  the  rise  at  Z»  'back'  reading  at  X  (5*36)  - 
' fore '  reading  at  Y  (2*61)  + 'back'  readmg  at  Y  (14*92) -' fore ' 
reading  at  Z  (1  '3),  and  so  on,  for  any  number  of  '  back '  and  '  fore ' 
readings;  therefore,  the  difference  of  height  =  sum  of  'back' 
readings  (20-28)  -  sum  of  'fore'  readings  (3*91)  =  16*37  feet.  If 
the  '  back '  readings  are  greater  than  the  '  fore '  the  work  is  being 
done  going  uphill,  and,  conversely,  if  the  '  fore '  readings  are  the 
greater,  tibe  observer  is  working  downhill.  By  this  means,  an 
accurate  difference  of  level  can  be  obtained.  The  positions  A,  B, 
etc.,  need  not  be  directly  up  the  slope ;  they  may  zigzag,  or  be 
placed  where  practicable. 

832.  Finding  a  Horizontal  Distance  by  Levelling 
Staff. — When  a  horizontal  distance  between  any  two  points  is 
required,  the  levelling  staff  again  comes  into  use ;  for  by  it  can 
be  ascertained  the  distance,  up  or  down  the  slope,  between  the 
observer  and  the  staff;  and  by  the  graduations  on  the  'off'  side 
of  the  vertical  arc  of  the  theodolite,  the  difference  per  cent  between 
the  measured  and  the  horizontal  distances  is  directly  read  off  (see 
Theodolite,  p.  134,  par.  282) ;  by  means  of  this  reading  the  horizontal 
distance  is  deduced.  If  the  upper  and  lower  horizontal  '  wires ' 
(micrometer  wires)  of  the  telescope  are  used  for  measuring  the 
distance,  then,  in  fig.  105,  let  A  to  X  be  5*36  feet,  the  levelling 
staff  being  close  to  A ;  the  centre  wire  of  the  telescope  is  made 
to  point  to  the  5 '36-foot  mark  on  the  staff  at  S.  Then  the 
upper  wire  will  point  to  U,  and  the  lower  to  L,  and  the  difference 
of  U  and  L  is  the  distance  per  cent,  between  the  base  of  X  and 
the  base  of  S.  Suppose  this  difference  to  be  1  *36  feet,  then  the 
distance  between  X  and  S  is  136  feet  along  the  slope. 

As  the  telescope  is  elevated  to  make  it  read  at  S  the  same  as 
at  X,  the  difference  per  cent.,  on  the  '  off  side '  of  the  vertical  arc 
is  read  off;  suppose  this  to  be  2 ;  then  the  difference  between  X 
to  S  (hypotenuse)  and  A  to  Y  (base)  is  136 .  yj^=  272  feet ;  and 
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since  X  to  S  =  136  feet,  then  AY=  136- 2-72=:  133-28.  Here, 
then,  it  will  be  noticed  no  direct  measurement  is  made.  Failing  a 
levelling  staflF,  the  10-foot  pole  could  have  been  used  at  S,  and  by 
the  angle  subtended  by  its  length,  the  distance  X  to  S  obtained. 
But  the  elevation  of  S  is  still  required  to  reduce  the  distance  to  a 
horizontal  one. 


Fio.  105. 

333.  Exeunple  of  Levelling  Bench  Mark  to  Tide  Pole. — 
The  levelling  staff  is  also  used  for  referring  the  level  of  the 
*  bench '  mark  to  a  reading  on  the  tide  pole.  The  *  bench '  mark 
^j^  is  a  mark  made  on  a  permanent  structure,  with  reference 
to  the  ordinary  height  of  high-  or  of  low-water  springs  (see  p.  277, 

---^ M-^ — 10-32 


I2ft5in  T-_a__7:8§^_. 
H.W.S. '■"'■'■■"■'"*' 


Fig.  106. 

par.  502).  If  this  mark  is  '  referred '  to  a  reading  on  the  tide- 
pole,  then  the  mark  of  the  tide-pole,  corresponding  to  the  bench 
mark,  is  deduced  with  reference  to  high-  or  low-water  springs. 

Let  M,  fig.  106,  be  the  bench  mark,  said  to  be  12  feet  6  inches 
above  H.W.S.  Place  a  levelling  staff  at  X,  close  enough  to  M  to 
read  off  its  height;  suppose  this  reading  is  10*32  feet.  Place  a 
theodolite  at  A  in  such  a  position  that  it  will  see  the  levelling 
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etaff  when  it  is  fleeted  on  toward  the  tide-pole.  Let  the  reading 
at  X  from  the  theodolite  be  5*36  feet. 

Shift  the  levelling  staff  to  Y,  where  its  base  will  be  below  the 
level  of  the  top  of  the  tide-pole,  and  the  reading  on  it  from  A 
is  H-38  feet. 

Now  since  the  bench  mark  is  10*32-  5*36  feet  above  the  level 
of  A=»4'96  feet;  and  the  reading  on  Y  of  the  level  of  A  is 
14*38  feet;  then  the  bench  mark  is  19*34  feet  above  the  level  of 
the  base  of  Y. 

If  the  theodolite  be  moved  to  B,  and  the  reading  on  Y  staff 
from  B  is  7*85  feet,  then  the  difference  of  level  between  B  theo- 
dolite and  the  bench  mark  is  19*34-7*85  =  11*49  feet,  or,  in 
other  words,  the  bench  mark  is  11*99  feet  above  the  level  of 
B  theodolite. 

Let  the  reading  of  B  theodolite  on  the  tide  pole  be  12*5  feet, 
then  the  bench  mark  is  11*49  feet  above  the  12 '5-foot  mark  on 
the  pole. 

But  since  the  bench  mark  is  12*6  feet  above  high- water 
springs,  then  H.W.S.  must  be  12*6-11*49  feet  below  the  12*5- 
foot  mark  =  11  *4-f oot  mark  nearly  on  the  pole. 


CHAPTER  XIX. 


STEEL  CHAIN. 

334.  The  steel  chain  is  another  instrument  for  linear  measure- 
ments ;  that  of  the  hydrographic  surveyor  and  engineer  is  100  feet 
long,  the  land  surveyor's  is  66  feet.  Each  link  is  12  inches  from 
crown  to  crown,  and  it  is  marked  with  a  brass  tag  at  every  10 
feet.  As  the  10-foot  pole  is  to  a  sextant,  so  is  the  chain  to  a  theo- 
dolite ;  and  as  a  flexible  length  can  be  used  for  several  purposes. 
Its  first  and  primary  use  is  to  measure  a  length  in  hundreds 
and  in  fractions  of  feet ;  and  in  that  capacity  it  is  used  for  the 
measurement  of  a  base  for  whatever  other  purposes  may  follow. 
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335.  Obtaining  a  Distance  A:oni  a  Chained  Length. — If, 
for  instance,  the  horizontal  length  of  A  to  B  in  triangle  A  B  C  is 
100  feet,  and  all  three  angles  of  the  triangle  are  observed,  then 
the  length  of  A  C  or  B  C  can  be  calculated ;  or,  supposing  A  B  to 
be  on  one  side  of  a  river  =  115  feet,  and  both  angles,  CAB  and 
G  B  A,  are  measured  on  the  same  side  of  the  river,  to  a  point  C  on 
the  opposite  shore,  then  the  distance  A  C  or  B  C  can  be  calculated 
without  going  to  C. — With  a  sextant  and  a  10-foot  pole,  this 
order  would  be  reversed,  the  observer  being  at  C,  while  the  pole  is 
at  AB.  — AC  =  AB.8in  B.cosec  C;  where  C  =  180-(A  +  B), 
though  this  is  not  quite  so  accurate  as  if  all  three  angles  of  the 
triangle  are  observed ;  for  there  is  no  check  that  either  or  both 
the  angles  observed  i.e.  CAB  and  C  B  A  are  correct,  without  also 
observing  the  third,  and  hence,  the  sum  of  all  three  eqiialling  180*". 
A  sextant  in  this  particular  case  will  not  serve,  because  the  dis- 
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tance  A  B  is  too  short,  and  would  introduce  error  due  to  parallax 
(see  p.  3). 

336.  Making  a  Bight  Angle  with  a '  Chain.' — But  neither 
A  C  nor  B  C  would  give  the  width  of  the  river ;  the  width  would 
be  A D,  which  is  at  right  angles  to  B  A.  AD  may,  however,  be 
obtained  by  other  means,  provided  an  observer  is  able  to  obtain 
a  footing  on  the  D  side  of  the  river. 

Now  the  proportions  of  the  three  sides  of  a  right-angled  triangle 
can  be  3,  4,  5,  in  any  units,  5  being  the  hypotenuse ;  6,  8,  10, 
or  60,  80,  100,  will  be  in  the  same  proportion. 

Erect  a  staff  at  B,  and  with  the  chain  measure  from  B  to  A, 
parallel  with  the  bank.  At  a  distance  of  80  feet,  put  a  staff  up  at  A. 
From  B,  fig  108,  measure  inland  60  feet,  and  sweep  a  small  arc  of 
a  circle  with  that  distance ;  then,  with  one  end  of  the  chain  at  A, 
stretch  out  the  whole  100  feet  and  sweep  a  small  arc  with  this : 
where  the  arc  from  A  cuts  the  arc  from  B,  will  give  the  point  X. 
Then  A  B  X  is  a  right-angled  triangle,  B  X  being  perpendicular 
to  AB. 
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Erect  another  staff  at  X. 

The  observer  at  D,  must  now  place  himself  so  that  the  staff 
at  B  and  the  one  at  X  are  in  line ;  from  that  position  he 
measures  the  angles  subtended  by  A  B ;  if  sufficiently  far  to 
neglect  parallax,  a  sextant  can  be  used.  Then  B  D  (the  width 
of  the  river)  «  A  B  cot  angle  at  D.  Here  there  may  be  objections,' 
owing  to  the  difficulty  of  sweeping  small  arcs  with  the  chain, 
or  there  may  not  be  room  :  in  that  case  the  whole  length  of  the 
chain  may  be  used  as  the  total  length  of  the  three  sides  of  a 
right-angled  triangle.     Take  that  indicated  in  fig.  108. 

If  A  B  is  32  feet ;  then  B  X  will  be  24  feet  and  A  X  40  feet,  the 
proportion  still  remaining  3,  4,  5.  If  a  peg  is  placed  inside  the 
triangle,  against  the  end  of  the  chain  at  B,  another  inside  A 
where  B  A » 32  feet,  then,  still  holding  the  end  link  of  the 
chain  at  B,  place  the  end  of  96  feet  link  against  it,  and  pull 
the  '  bight '  of  the  chain  out  till  both  A  X  and  B  X  are  stretched 
taut ;  place  a  peg  at  X ;  then  will  A  B  —  32  feet,  A  X  40  feet,  and 
B  X  24  feet,  and  A  B  X  is  a  right  angle.  Then,  as  before,  the 
observer  D  places  himself  with  B  and  X  in  line,  and  measures 
with  a  HXtant  or  a  theodolite  the  angle  subtended  by  A  B. 
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337.  To  Ohain  a  Length. — And  this  distance  B  D  may  serve 
for  the  beginning  of  the  triangulation  up  the  river.  Where  a 
level  straight  length  can  be  found  at  either  high  or  low  water  or 
any  intermediate  state  of  the  tide,  then  there  is  no  explanation 
necessary  in  the  measurement  of  a  length,  beyond,  that  one 
assistant  keeps  the  line  of  direction  straight  with  the  aid  of 
the  telescope  on  a  theodolite;  that  the  chain  be  stretched  out 
taut  without  being  strained ;  that  the  iron  pins  be  used  at  the 
end  of  each  length  measured ;  and  placed  inside  the  end  link, 
while  the  next  length  is  taken  from  outside  the  pin  —thus : 
see  fig.  109. 
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337a.  Difference  between  'Horizontal  Length  and 
Chained  Length. — When  the  ground  is  not  level,  the  difference 
between  the  length  measured  and  the  horizontal  distance  is 
about  1  per  cent,  less,  for  a  rise  of  8' ;  the  elevation  or  depression 
can  be  either  guessed  or  absolutely  measured.  (See  Levelling 
Staff,  p.  155;  and  Theodolite,  p.  127,  par.  276.) 

338.  Measuring  a  Base  by  Chained  Portions. — If  there 
is  not  a  sufficiently  long  straight  run,  though  otherwise  adaptable 
for  chaining  a  length  for  a  base,  then  it  can  be  measured  in 
portions ;  heretofore,  when  the  ground  was  inclined,  it  was  a 
deflection  in  the  chain  vertically,  now  it  is  a  deflection  horizontally  ; 
and  in  both  cases  it  is  required  to  find  the  horizontal  and  nearest 
distance  between  two  points. 


Suppose,  for  instance,  across  a  small  bay,  A  round  C  to  B 
(fig.  1 10)  is  a  fairly  level  beach,  required  the  distance  from  A  to  B. 
Measure  from  A  to  C,  and  from  C  to  B.  Observe  angles  BAG, 
ACB,  and  ABC  with  a  theodolite;  then  AB«=AC.sinC 
cosec  B ;  this  gives  one  value  for  A  B  through  angle  B.  Also 
A  B  =  B  C .  sin  C  cosec  A  ;  this  gives  another  value  for  A  B  through 
angle  A.    The  mean  value  of  A  B  is  as  correct  as  you  can  get  it. 

Supposing  the  coast  from  A  to  0  and  from  C  to  B  to  be 
unsuitable  for  measuring  a  length,  then  an  assistant  at  K  (fig.  1 10), 
who  is  in  exact  transit  with  A  and  B,  can,  by  means  of  the  chain, 
obtain  the  direction  of  C  K  nearly  perpendicular  to  A  B  (see 
par.  336),  and  also  measure  C  K  ;  and  AK^CK.cot.CAK; 
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BK-CK  cot  CBK.^  ITeither  CAK  nor  CBK  should,  if 
possible,  be  less  than  5°,  on  account  of  errors  of  observation ;  and 
see  Parallax,  p.  3,  if  the  angles  are  taken  with  a  sextant.  It  is 
still  necessary  to  measure  angle  A  C  B  as  a  check.  If  C  E  is  vexy 
shorty  then  a  small  error  in  placing  C  E  perpendicular  to  A  E  will 
make  but  a  very  small  error  in  angle  at  A  or  at  B  (see  par.  325). 
E  C  may  be  placed  right-angled  to  A  B  by  theodolite. 

In  fig.  Ill  distances  are  measured  from  A  to  0,  then  to  D,  on 
to  E,  and  finally  to  B.     A  B  is  the  distance  required. 


Pio.  111. 

In  triangle  A  0  D,  given  A  C  and  C  D  and  angles  C  D  A  and 
GAD,  find  A  D,  through  both  angles  A  and  D. 

AD  =  AC  sin  0  cosec  D 
AD  »  CD  sin  C  cosec  A 

In  triangle  BED,  similarly,  through  angles  D  and  B  find  B D. 
In  triangle  ABD,  through  angles  DAB  and  DBA,  find  AB. 
Necessary  staves  are,  of  course,  erected  at  the  points  A,  C,  D,  E, 
and  B ;  or,  as  before  explained,  the  length  A  D  and  D  B  can  be 
obtained  by  perpendiculars  from  E  and  X,  and  in  triangle  A  D  B, 
A  B  is  calculated.  There  are  innumerable  such  combinations ; 
when  in  either  figure  the  angles  at  A  and  B  are  less  than  5*",  the 
measurements  should  be  made  in  shorter  bits,  with  perpendiculars. 

339.  Errors  in  Measuring. — Under  the  most  favourable 
conditions,  without  more  elaborate  apparatus,  it  is  not  possible  to 
measure  any  base  without  errors,  and  the  more  lengths  and 
more  angles  there  are,  the  greater  the  probable  total  error.  It  is 
probable  that  the  error  of  each  calculated  side  will  be  about 
\  foot  p.c.  in  the  first  triangle,  and  will  possibly  increase  by 
about  the  same  ratio,  in  arithmetical  progression,  in  all  the  sides 
of  the  succeeding  triangles,  providing  they  are  fairly  conditioned. 
If  time  and  patience  admit,  the  whole  operation  may  be  repeated, 
working  back  from  B  to  A ;  and,  under  any  circumstances,  each 
piece  must  be  measured  forward  and  back :  the  mean  will  probably 
give  an  enhanced  result. 

A  *  well-stretched '  lead  line  can  be  used  as  a  very  rough 
substitute  for  a  chain ;  this  does  not  mean  a  line  stretched  well. 
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DISTANCE  BY  M.H.   ANGLE. 

340.  Distance  obtained  by  the  Angles  Subtended  by 
Ship's  Mast. — For  the  hydrographic  surveyor,  there  is  still 
another  length  of  reference — the  height  of  a  ship^s  mastrhead 
above  the  water-line,  or  a  mark  on  the  ship's  side  near  water-line ; 
this  can  be  directly  measured  with  a  lead  line  or  a  piece  of  string. 

© 
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Fio.  112. 

In  fig.  112  (a)  let  S  be  the  ship  and  A  B  two  positions  at  the 
entrance  of  a  river.  If  from  A  and  B  simultaneous  angles  with  a 
sextant  are  taken  of  the  ship's  mast-head  to  the  mark  near  the 
water-line  at  S,  then  S  A,  fig.  112  (5),  =  S  M  cot  M  A  S.  S  M  is 
the  height  of  M  above  S. 

In  fig.  (a)  S  A  is  now  known,  and  S  B  can  be  calculated  in  the 
same  manner ;  it  is  necessary  that  the  angles  SAB  and  S  B  A  shall 
be  taken,  also  A  S  B,  as  a  check.     Then  calculate  A  B  through 
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A  =  S  B .  sin  S  cosec  B ;  and  A  B  through  B  «  S  A .  sin  S  oosec  A : 
mean  the  values  of  A  B  «  distance  from  A  to  B. 

By  fig.  (c)  it  will  be  seen  that)  owing  to  half  the  '  beam '  of  the 
ship,  the  vertical  line  from  S  goes  through  position  N ;  and  in  the 
small  right-angled  triangle  M  0  N,  0  M  is  half  the  width  of  the 
ship,  and  0  M  N  =  angle  of  elevation ;  therefore  0  N  =  0  M  tan 
elevation.  Suppose  0  M=30  feet,  and  the  mean  of  the  readings 
for  elevation  observed  both  *on'  and  'off'  the  arc + parallax  to  be 
2'  U'  30^  then  ON  =  30.  039  =  117  feet,  and  therefore  NS- 
height  of  mast-head  - 1  '2  feet.  Hence  in  triangle  MSA,  MS 
must  be  modified  to  this  new  height.  Practically  it  is  1  foot  less 
for  every  2'  of  elevation,  and  if  MS  =  120  feet,  then  NS  =  119, 
and  A S  =  119. cot  2'*  14'  30" « 2975  feet;  if  120  feet  be  used 
instead,  A  S  will  equal  3000  feet :  at  3*"  elevation  the  error  in 
distance  would  be  86  feet  in  3000. 

341.  Obtaining  a  Baae  by  Ship's  M.H.  in  Transit 
between  two  Observers. — The  observation  is  much  simplified, 
and  the  calculation  is  reduced,  and  probably  more  correct  because 
no  other  angles  are  involved,  if  the  observers  place  themselves  in 
exact  transit  with  the  ship,  and  the  ship  is  nearly  midway  between 
them.  See  fig.  113;  here, 
as  before,  simultaneous 
angles  of  elevation  are 
taken  from  A  and  B,  of  S 
(the  ship's  mast-head)  ;  and 
ASssheight  of  mast-head 
cot  elevation  from  A, 
BS  =  height  of  mast-head 
cot  elevation  from  B.  The 
same  or  a  similar  correc-  Fio.  118. 

tion  should  be   made    as 
before  in  dealing  with  the 

'presentation'  of  the  ship  to  each  observer  in  consideration 
of  the  distance  M  to  0,  fig.  112;  in  that  figure  MO  is  given 
as  the  width  of  the  ship,  whereas  M  0  is  the  distance  from  the 
base  of  the  mast  to  the  position  at  the  water-line  to  which 
M  is  reflected;  if  the  ship  is  bows  on  to  one,  and  stem  on  to 
the  other,  supposing  M  to  be  in  the  centre  of  the  ship,  MO 
will  equal  half  the  length  of  the  ship.  If  the  ship  is  300  feet 
long,  then  0  M  » 1 50.  In  the  case  given,  0  N  =  1 50  tan  2"  1 4'  30^^ « 
150x-04»6  feet.  Therefore  MS  in  fig.  112  (6)  =  144,  and, 
continuing  the  same  case,  A S  =  114  (120- 6). cot  2'  14'  30^"  = 
2850  feet ;  whereas,  if  120  feet  be  used,  A  S  =  3000  feet.  To  find 
the  total  length  A  S  or  B  S,  150  feet  will  be  added  to  both :  if  this 
is  not  allowed  for  both  from  A  and  B,  each  will  be  150  feet  in  error ; 
hence  A  B  wotdd  be  300  feet  too  long,  or  100  yards  out  in  a  mile. 

342.  Brrors  of  Observation  in  M.H.  Angles  and  in 
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Distctace. — No  account  is  here  taken  of  error  of  observation.  If  the 
angles  are  measured  'on'  and  'off'  the  arc,  with  a  sextant  stand, 
the  probable  total  error  is  ±  2'.  This  includes  instrumental  error. 
In  the  above  case  such  an  error  would  produce  about  ±  50  feet  in 
the  side  A  S  {i,e,  in  3000  feet).  The  smaller  the  angle  of  eleva- 
tion the  greater  the  corresponding  error  in  distance  for  a  small 
error  of  observation.  If  the  elevation  is  1",  an  error  of  2'  for  the 
height  120  feet  =  200  feet.  Knowing  this,  this  form  of  measuring 
a  distance  for  a  base  will  then  have  its  time  and  place  (chaining 
a  direct  distance  of  2000  feet  over  uneven  ground  would  probably 
be  within  2  feet  of  the  correct  horizontal  distance,  but  when 
calculated  through  two  or  more  triangles  from  a  short  measured 
length  it  will  be  about  20  to  30  feet  in  error). 

If  a  cone  (base  up)  or  a  black  flag  is  hoisted  to  the  mast-head, 
it  is  made  plainer  to  an  observer ;  and  a  streak  of  whitewash  on 
the  ship's  side  would  mark  the  water-Hne. 

The  angles  at  the  two  places  must  be  taken  simultaneously; 
and,  unless  the  ship  is,  for  certain,  stationary,  only  one  set  of 
observations  can  possibly  be  made. 

34a  The  D.P.P.  or  'Direct  Position'  Finder.— It  is 
only  necessary  to  mention  the  principle  of  this  instrument,  since 
its  use  for  giving  the  position  of  a  boat  over  a  mine  in  a  harbour 
is  confined  to  the  Torpedo  School  in  H.M.  Navy. 

If  a  theodolite  is  set  up  on  a  spot  whose  height  is  known 
exactly  (30  feet,  for  instance),  and  the  angle  of  depression  is  taken 
to  a  spot  (suppose  it  to  be  on  the  opposite  side  of  a  river  or  a  boat 
in  mid  channel),  then  since  distance  =  height  cot  elevation  or 
depression,  and  if  b  is  30  feet  and  depression  equals  3**,  then 
distance  =3 572  feet;  therefore,  placing  the  position  of  the  observer 
at  a  suitable  point  on  the  paper,  he  can  lay  off  this  distance,  and 
in  a  line  of  direction  as  is  done  on  a  plane-table  or  with  a  ruler 
and  a  piece  of  paper.  The  instrument  combines  the  two  motions, 
both  in  direction  and  distance.  This  process  can  be  carried  out 
for  any  number  of  points  or  objects  in  any  direction. 

There  are  bound  to  be  errors  of  observation ;  but  so  long  as  the 
distance  does  not  exceed  half  a  mile,  it  will  serve  the  purpose  the 
D.P.F.  is  intended  for,  and  the  position  of  the  boat  will  be 
within  20  feet  of  where  the  observer  places  her,  near  enough  to 
be  blown  up  by  a  mine  there ;  or  the  river  may  be  within  20  feet 
of  its  true  width. 

If  this  process  is  carried  out  for  every  detail  of  a  coast-line 
surrounding  the  observer,  he  can  obviously  sketeh  it  in  straight 
away ;  for  the  instrument  is  adjustable  for  the  height,  and  places 
the  position  without  any  calculation,  on  a  scale  of  either  -^^jy  or 
-g^j^ ;  this  works  out  to  about  30  inches  and  15  inches  to  a  mile 
respectively.  But  the  results  with  it,  and  the  limits  of  its  reach, 
do  not  justify  its  use  beyond  the  purpose  it  is  intended  for. 
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CHAPTER  I. 
PROJECTION. 


344.  Projections. — The  nearest  distance  between  any  two 
places  is  the  arc  of  a  great  circle  joining  them. 

If  the  arc  joining  them  is  transferred  to  paper  as  a  straight  line, 
and  the  distance  measured  along  it,  then  we  represent  a  great 
circle  by  a  straight  line. 

345.  Gnomonic  Projection. — The  projection  that  best 
satisfies  this  condition  for  hydrographic  purposes  is  the  gnomonic. 

It  is  the  projection  of  an  area  of  the  earth's  surface,  on 
to  a  plane  touching  a  sphere  at  a  tangent  at  the  centre 
of  the  area,  the  parts  being  projected  by  imaginary  lines  drawn 
through  them  from  the  centre  of  the  earth,  and  intercepted 
on  the  plane. 

In  fig.  114  a  flat  surface  is  laid  touching  the  earth  at  one  spot 
only,  marked  S.  Lines  drawn  from  the  centre  of  the  earth 
through  the  meridian  A  A^  will  be  intercepted,  so  as  to  produce 
the  straight  line  B  B^  on  the  plane.  C  C^  will  produce  D  D^ ;  E  E^ 
is  F  F^,  and  so  on — like,  in  fact,  a  shadow  of  the  part  A  to  A^ 
thrown  on  to  an  intercepting  plane,  by  a  light  at  the  centre  of  the 
earth.  On  this  projection  cUl  great  circles  are  straight  lines ;  and 
the  arcs  of  the  great  circles  joining  any  three  places  are,  within 
certain  limits,  considered  to  cut  each  other,  as  the  straight  lines 
of  a  plane  triangle. 

346.  Spherical  Excess. — When,  however,  large  areas  are 
included,  the  arcs  joining  three  places  must  be  accepted  for  what 
they  are,  viz.  spherical  arcs ;  and,  for  plotting  purposes,  will  have 
to  be  reduced  to  a  plane  triangle.     The  difference  between  the 
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spherical  triangle  and  the  plane  triangle  of  the  same  length  of 
sides,  is  known  as  spherical  excess. 
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Fig.  114. 


Let  A BC  in  fig.  115  be  a  spherical  triangle,  the  length  of  each 
side  being  60'. 


FiQ.  115. 

From  A  draw  A  D  perpendicular  to  B  C,  bisecting  B  C  in  D ; 
then  D  C  =  30',  and  cosec  C  =  tangent  30'  cot  60'. 

tan  30'=    7-940,858 
cot  60'  =  11-758,079 


log  cosec  9-698,937 
-  60'  0'  9". 

.'.  in  a  spherical  equilateral  triangle  the  sides  of  which  are  60' 
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(inile8)i  each  angle  =  60*  0'  9",  whereas  in  a  plane  equilateral 
triangle,  each  angle  «=  60** ;  the  difference  being  nearly  ^th  mile 
in  60  miles. 

Beyond  a  knowledge  of  the  fact,  it  has  no  place  in  elementary 
surveying. 

Now,  it  will  be  noticed  that  on  the  gnomonic  projection  the 
meridians  are  straight  lines ;  but,  like  the  meridians  on  the  earth, 
they  stiU  converge  to  a  point  and,  consequently,  are  not  parallel. 
The  position  of  this  point  of  convergency  varies  with  the  latitude 
of  the  work  under  consideration.  At  the  Equator  the  point  is  at 
infinity,  and  for  an  area  round  the  Pole  the  point  of  convergency 
is  the  Pole.     Fig.  116  represents  bird's-eye  views  of  the  projection 
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— (a)  in  middle  latitudes,  (6)  at  the  Pole.  It  is,  in  fact,  a  portion 
of  the  surface  of  the  earth,  included  between  two  meridians  and 
two  parallels  of  latitude,  flattened  out. 

347.  Distortion  in  Gnomonic  Projections. — But  in  the 
flattening-out  process  a  certain  amount  of  distortion  to  the 
extreme  parts  takes  place,  amounting  to  about  1  foot  in  60  miles. 
Parallels  of  latitude,  which  are  arcs  of  small  circles,  appear  on  the 
projection  as  curve  lines,  their  curve  varying  with  the  latitude. 
Above  latitude  45**  the  curve  is  an  ellipse,  at  45*  it  is  a  parabola, 
and  at  less  than  45"*  a  hyperbola. 

The  straight  line  joining  any  two  places  is  a  great  circle ;  this 
is,  in  fact,  the  ration  dPHre  of  the  projection.  But  a  course  is 
a  curve,  because  the  meridians  are  not  parallel. 

348.  Scale  on  a  Gnomonic  I^ojection. — Its  scale  of 
distance  is  a  matter  of  convenience — 4  inches  to  a  mile,  for 
instance.  This  is  a  scale  of  latitude  and  distance,  and  the  meridian 
is  graduated  accordingly,  or  a  suitable  scale  is  drawn  (see  Scales, 
Chapter  II.  p.  176).  The  scale  of  longitude  is  set  off  along  a 
parallel,  according  to  its  ratio  to  the  scale  of  latitude  (see  table. 
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InmarCs  Tables,  for  example).  In  latitude  50*"  the  degree  of 
longitude  is  to  the  degree  of  latitude  as  37*835  is  to  59*962  =  '63  ; 
and  the  scale  of  longitude  then  =  '63  of  the  scale  of  latitude. 

349.  Meroator  Projeotion. — A  Mercator  projection  is  formed 
by  the  expansion  and  consequent  further  distortion  of  the  area 
imder  consideration,  so  as  to  make  the  sides  parallel,  and  is 
likened  to  a  projection  on  a  cylinder  (see  fig.  114)  encircling  the 
earth  roimd  the  equator.  To  this  end  F  B  is  made  equal  to  F^B^ 
or  X  Y  (fig.  116);  so  that  the  parts  will  remain  proportional  to  each 
other,  then  F^X  and  B^ Y  must  be  increased  in  the  same  proportion 
as  BF  has  been  to  X  Y  (see  fig.  116).  For  investigation  of  this 
see  any  work  on  navigation. 

In  this  projection  the  meridians  will  be  great  circles,  but  all 
other  great  circles  will  be,  correctly  speaking,  shown  on  it  as 
curves,  as  exemplified  in  great  circle  sailing;  but  for  short 
distances  there  is  no  appreciable  difference  between  the  curve  and 
the  straight  line. 

350.  Beaeon  for  Meroator  Projeotions. — A  course,  on  the 
other  hand,  cutting  all  the  meridians,  which  are  parallel,  at  the 
same  angle,  will  be  a  straight  line ;  and  this  is  its  advantage  for 
navigation  purposes,  and  is  the  reason  it  is  adopted,  though  for 
the  original  construction  of  large  areas  it  is  unsuitable,  for  the 
reason  given  above,  viz.  that  the  straight  line  on  it  is  not  the 
nearest  distance  between  one  point  and  another. 

The  original  is  then  on  a  gnomonic  projection ;  and  it  is  trans- 
ferred by  construction  to  a  Mercator  projection. 

351.  To  Oonstruot  a  Meroator  Projeotion. — To  construct 
a  Mercator  chart,  extending  from  the  same  latitudes  and  longitudes 
as  the  extremes  of  the  gnomonic  chart — viz.,  latitude  60**  to  51**  N. 
and  longitude  T  to  2"  W. 

The  scale  of  it  is  to  be  1  inch  to  5  miles  of  longitude  (see 
fig.  117).  Draw  a  horizontal  line  A  B ;  from  A  draw  A  C  perpen- 
dicular to  AR* 

Now  from  A  on  the  side  A  B,  lay  off  a  scale  of  miles  or  minutes 
of  longitude,  each  mile  being  \  inch.  For  the  practical  use  a 
Mercator  chart  serves,  these  lengths  are  accurately  enough  laid 
off  by  the  edge  of  the  protractor. 

NoTB. — The  most  useful  protractors  have  a  scale  on  the  edge 
of  ^  inch,  which  are  again  divided  into  tenths.  Multiply  any 
length  desired  by  4,  and  use  those  divisions :  thus  2  inches  (one- 
fifth)  =8   divisions;   the  next   mark  will  be    16,  or  one  and  6 

*  To  draw  a  lims  perpendicular  to  another  from  a  point  ht  one  end  of  it, — 
On  a  pair  of  dividers  take  a  length  of  roughly  half  the  length  of  the 
perpendicular  desired;  measure  this  off  from  a  point  A  in  a  mrection  of 
roughly  45'*  with  line  A  B.  Let  S  be  the  point  From  this  point  sweep 
a  small  arc  across  line  A  B,  cutting  it  at  T.  From  T  through  S  draw  a  long 
line,  and  along  it  from  8  measure  uie  same  length  8  T  ;  from  tluB  point  to  A 
a  line  will  be  perpendioolar  to  A  B. 
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divisions  beyond ;  3  wiU  be  2*4,  and  so  on.  This  method  is  far 
more  acpurate  than  measuring  from  mile  to  mile  or  from  ^  inch 
to  the  next  ^  inch,  and  so  on ;  because  in  that  case  the  errors  of 
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measurement  accumulate;  and,  conversely,  to  divide  a  length 
represented  by  2  inches  or  8  quarter  inches,  that  is  10  miles  of 
our  work,  by  10,  then  each  mile  will  be  '8  divisions. 

The  scale  of  latitude  is  now  set  off  on  line  A  C.     To  mark  off 
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the  scale  of  latitude  :  In  a  Mercator  chart  the  scale  of  latitude 
=  scale  longitude  x  sec  latitude ;  and  since  our  scale  of  longitude 
is  1  inch  to  5  miles  and  the  latitude  is  50",  the  scale  for  5  miles 
of  latitude  at  50*" 

=  1  sec  50* 

=  1-555  =  6-22  by  the  J-inch  scale. 
In  latitude  50**  30'  =  1-572  =  629 

In  latitude  5K  =  1*589  =  6'35  by  the  same  scale. 

362.  From  this  it  will  be  noticed  that  while  the  scale  of  longi- 
tude on  a  Mercator's  chart  is  unaltered,  the  scale  of  latitude 
changes  in  the  ratio  of  the  sec  latitude;  and  therefore,  that 
equal  distances  on  paper  represent  different  lengths  in  different 
latitudes :  For  example,  an  island  5  miles  long  in  latitude  50*  is 
1  '555  inches ;  in  latitude  60*  an  island  of  the  same  dimensions 
would  be  2  inches  long ;  and  to  indicate  the  two  islands  of  the 
same  size,  ea,ch  will  be  measured  by  the  scale  in  its  latitude. 

Distortion  Mercator  Chart. — Without  referring  to  the 
different  scales,  each  part  of  a  Mercator  chart  is  out  of  proportion 
to  the  other. 

Then  in  our  Mercator  chart,  the  first  5  miles  from  latitude  50* 
may  be  set  off  1*555  inches  or  6*22  quarter  inches,  measuring  by 
edge  scale. 

The  next  5  miles  should  increase  proportionately  according 
to  the  see:  at  50*  30',  for  instance,  it  will  be  1*572 ;  practically, 
this  is  midway  between  1*555  and  1*589,  and  therefore  is  increas- 
ing '017  inches  for  60  miles ;  or,  since  each  measurement  is  made 
in  5  miles,  each  will  increase  one-twelfth  of  '017  or  *0014,  t.e. 
'006  nearly  of  the  ^-inch  scale. 

This  is  so  small,  that  on  the  scale  given  it  can  be  neglected, 
and  no  appreciable  error  is  introduced  by  accepting  the  mean  of 
1  -555  and  1  589 ;  or,  in  other  words,  scale  of  5  miles  of  latitude 

=  1  X  sec.  50*  30'  the  mid  latitude 
=  1*572  inches. 

Continuing  on  fig.  117,  from  A  measui-e  along  AC  portions  of 
1-572  inches;  by  the  edge  scale  6*29,  then  12*58,  then  18*86, 
without  moving  the  protractor.  Each  mark  will  be  a  distance  of 
5  miles  from  the  other. 

When,  however,  the  scale  is  much  larger,  such  as  1  inch  to  a 
mile  between  the  same  latitudes,  then  the  scale  at  every  10 
miles  of  latitude  would  have  to  be  found.     (See  par.  372.) 

353.  When  Sides  not  Ghuduated. — If  the  scale  is  3  inches 
to  a  mile,  for  instance,  then  from  50*  to  50*  3'  the  difference  in 
scale  would  be  '005  inch,  and  for  a  6-inch  scale  -01  inch.  The 
difference  between  these  scales  for  such  a  short  distance  as  3  miles 
is  so  small,  that  charts  included  within  a  distance  of  5  miles  of 
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latitude,  on  a  normal  scale,  in  ordinary  working  latitudes — i.e. 
not  higher  than  about  60* — do  not  need  a  graduated  side  for  a 
scale,  but  have  a  separate  scale.     (See  Scales,  p.  176.) 

354.  Plans,  Projection  of. — Such  charts  are  known  as  plans ; 
and,  the  distance  being  limited  to  within  those  given,  they  are 
constructed  on  a  plane  projection. 

Referring  to  fig.  118  (a),  it  will  be  noticed  that  the  meridians  of 
a  gnomonic  chart  converge,  and  the  higher  the  latitude  the  greater 
is  the  convergency.  In  fig.  118  {b)  is  shown  the  maximum  conver- 
gency,  the  points  of  convergency  being  the  Pole. 

355.  True  and  Mercatorial  Bearings. — In  fig.  118  (a), 
X  F'B'Y  is  the  corresponding  Mercator  projection  to  the  gnomonic 
included  within  F  FB'B.     Join  F  F ;  this  is  a  great  circle  joining 
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F  and  B' ;  consequently  FF  B'  is  the  true  bearing  of  B'  from  F ; 
and  F  B'B  is  the  true  bearing  of  F  from  B'. 

Since  F  F  is  not  parallel  to  B  B',  the  angle  FF  B'  is  not  equal 
to  F  B'B :  the  difference  between  them  will  vary  as  the  latitude. 
See,  for  example,  the  difference  between  the  angle  in  the  left 
figure  118  and  the  right-hand  figure. 

Now  in  fig.  118  (a),  by  the  scheme  of  the  Mercator  projection 
F  is  placed  at  X.  Join  X  B' ;  then  F'X  B'  is  now  equal  to  X  BT ; 
each  of  these  is  the  Mercatorial  bearing,  and  each  differs  from  the 
true  bearing  by  |  the  convergency;  t.e.  Mercatorial  bearing 
=  T.B  ±  J  convergency. 

356.  Formula  for  Convergency. — The  formula  for  con- 
vergency, when  the  distance  or  the  convergency  is  not  very  large, 
is,  convergency  =  d  .  longitude  x  sin  mid  latitude.  This  does  not, 
strictly  speaking,  give  the  convergency  at  either  place,  but  at 
the  meridian  of   mid   latitude;  but  is  near  enough  in  ordinary 
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working  latitudeB.     A  and  B  are  two  places  on  meridians  S  M  and 
S  N ;  then  A  S  B  is  the  convergency  for  mid  latitude  ab  (fig.  119). 


Fio.  120. 


357.  When  Convergenoy  Neglected.  Extreme  Gcuses 
of. — The  correction  in  ordinary  latitudes,  and  with  normal 
distances,  is  inappreciable  and  disregarded  for  navigating  purposes ; 
but  taking  two  extreme  cases : — 

Suppose  two  imaginary  peaks  of  Teneriffe,  100  miles  apart,  one 
on  each  bow,  visible  80  miles  to  the  southward  (see  fig.  120).  Let 
a  true  bearing  be  taken  of  each ;  if  this  bearing  is  laid  ofif  from 
the  Mercatorial  meridian  X  and  Y,  they  would  fix  a  position  O'. 

But  if  the  convergency  is  applied  to  the  bearings,  or  if  they  are 
laid  off  from  their  proper  true  meridians,  F  F  and  B  B',  then  0  is 

the  true  position.  The  con- 
vergency correction  is  about 
20'  in  such  a  low  latitude 
as  Teneriffe  is  in,  but  such 
an  error  at  a  distance  of 
80  miles  would  make  a 
material  difference  to  the 
position  for  surveying  pur- 
poses, though  for  navigation 
good  enough. 

358.  —  The  other  ex- 
treme case  is  in  high 
latitudes.  Let  Z  be  a 
point  of  land  in,  suppose,  lat.  75**  N.,  X  the  Mercatorial 
meridian,  F  F'  the  true  meridian  through  Z.  A  true  bearing  is 
taken  of  Z,  N.  80'  W.  This  bearing  set  off  from  the  true 
meridian  line  FF  through  Z  gives  line  ZO,  but  from  the 
Mercatorial  meridian  gives  Z  O'. 


0' 


Fig.  121. 
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In  this  case,  the  error  in  laying  off  the  bearing  from  X  amounts 
to  nearly  T  ]  and  supposing  the  distance  to  be  30  miles, 
if  a  course  2*"  in  error  is  laid  back  for  30  miles  from  Z,  the 
probability  is,  if  the  ship  steers  on  this  course  she  will  land  on 
the  shore  somewhere.  In  such  latitudes  it  will  be  advisable  to 
navigate  on  a  gnomonic  projection,  and  lay  the  couise  off  in  a  curve. 

These  examples  are  merely  given  to  show  the  effect  of  con- 
vergency  on  a  position ;  and  if  one  has  to  account  for  minutes  in 
the  true  bearing,  as,  for  instance,  when  fixing  a  position 
accurately  to  within  a  handful  of  seconds,  convergency  will  have 
to  be  included. 

359.  Example  in  Applying  the  Gorreotion  for  Con- 
vergency to  Find  the  Latitude  and  Longitude  of  the 
Observer's  Position. 

At  0,  fig.  122,  the  true  bearing  of  a  summit  S  is  found  to  be 
S.  34'  30'  E.  The  latitude  of  S  is  51'  28'  56"  N.,  and  longitude 
6*  20'  17"  W. 

At  0  the  angle  between  S  and  0'  is  87"  52'. 

At  0'  the  angle  between  S  and  0  is  73'  41'. 

TM 


The  distance  of  0  to  0'  is  24*2  inches  of  paper.     The  scale  is 
3  038  in.  =  l  mile  =  6076  feet. 

Required  the  latitude  and  longitude  of  0. 

1.  Find  the  distance  0  S. 

OS  =  00'.8inO'.cosecS. 

00'  =  ^^'!J'^^^  =  10-12  miles. 
6076 

Angle  S  =  180  ^  (0  +  0')  =  180'  -  (87'  52'  +  73'  41')  - 18'  27'. 
log  1012       1-005180 

log  sin     73'  41'      9-906204 
logcosecl8'27'     10*499658 

log      1  -41 1042  =»  25-77  miles  =  distance  0  S. 


174  HYDBOGBAPHIC  SUBVEYING. 

2.  Find  the  diff.  lat.  between  S  and  0,  so  as  to  deduce  the  mid 
lat.  required,  for  finding  the  convergency  correction. 

diff.  lat.  =  0  S .  cos  Mercatorial  bearing. 

Here  we  shall  have  to  use  the  true  for  the  Mercatorial  bearing ; 
and,  after  the  correct  Mercatorial  bearing  is  found  later  on, 
then,  if  necessary,  re-work  the  diff.  lat. 

logos  1-411042  1-411042 

logcosT.B.      9-915994  recalculated     9-916794 


log  1-327036  1-327836 

diff.  lat.  =  21-23  =  21'  13"  21-27  =  21'  16 

lat.  S     5r  28'  66"  N. 
i  diff  lat.       0'  10'  36" 


// 


approximate  mid.  lat.     61*  39'  20" 

3.  To  find  the  convergency,  for  the  purpose  of  converting  the 
T.B.  into  a  Mercatorial  bearing. 

Conv.  in  minutes  =  dist .  sin  Merc,  bearing .  tan  mid  lat. 

We  must  still  use  the  true  for  the  Mercatorial  bearing,  and 
recalculate  the  convergency  after  the  true  bearing  is  corrected 
to  a  Mercatorial  bearing. 

log  dist.  OS  1-411042  1-411042 

log  sin  34' 30'  9753128    recalculated    9*751469 

log  tan  mid  lat.        0101860  10*101860 


log.      1-266030  log     1-264371 

convergency     1846  =  18'  27"  18-38  =  18'  22". 

The  T.B.  was    S.  34'  30'         E.  S.  34*  30'         E, 

J  convergency  -  9' 13"       recalculated  9' 11" 


Merc,  bearing    S.  34'  20'  47"  E.  S.  34'  20'  49"  E. 

and  recalculating  (1)  gives  diff.  lat.  21'  16"  (see  above). 

Since  the  lat.  of  S  is     5r  28'  56"  N. 
and  diff.  lat.    .  0"  21'  16"  N. 


lat.  of  0  .     bV  50'  12"  N. 
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4.  To  find  the  diff.  long. 

diff.  long.  SB  dep .  sec  mid  lat. 

dep.  »  dist .  sin  Merc,  bearing. 

diff.  long.  =s  dist .  sin  Merc,  bearing,  sec  mid  lat. 

log  dist.  1*411042 

log  sin  bearing  9 '751 469 

log  sec  mid  lat.      10*207364 


'    €M*ff 


1-369875  =  23-44  =  23' 26 

The  long,  of  S  is     6' 20' 17"  W. 
diff.  long,  to  0  .     0'  23'  26"  W. 

long,  of  0  .         .     e**  43'  43"  W. 

360.  From  which  is  deduced  the  fact  that  in  lat.  5V  N.  and 
for  a  distance  of  nearly  26  miles,  applying  the  correction  for 
convergency,  for  the  purpose  of  calculating  the  latitude  and 
longitude  of  a  position,  makes  a  difference  of  3"  in  latitude,  and 
about  the  same  in  longitude,  if  the  uncorrected  bearing  is 
used  in  the  calculation;  the  uncorrected  bearing  being  the 
true  bearing,  and  when  corrected  is  the  Mercatorial  bearing. 
This  correction  is  then  only  necessary  when  results  to  the 
nearest  seconds  of  arc  are  desired ;  or  when  in  extreme  high 
latitudes.  As  is  stated  in  par.  358,  the  convergency  correction  is 
a  matter  of  degrees. 

Note. — To  draw  the  margins  of  aplcm, 

1.  Mark  off  approximately  the  comers  of  the  plan. 

2.  Lay  a  straight-edge  across  the  opposite  comers,  and  note 
roughly  the  angle  it  makes  with  the  trv^e  bearing  line. 

3.  Lay  off  the  noted  angle  accurately  with  chords,  from  the 
point  of  intersection  on  the  T.B.  line,  and  ascertain  the  T.B.  of 
this  diagonal. 

4.  Take  a  point  near  the  centre  of  this  diagonal,  and  lay  off 
in  the  direction  of  the  meridian  ttoice  its  true  bearing.  This  will 
be  the  second  diagonal. 

5.  With  a  radius  equal  to  the  distance  of  the  comers,  strike  a 
circle  through  each  end  of  the  diagonals,  pricking  the  intersections. 

6.  The  lines  joining  these  marks  give  the  margin  in  the 
positions  required,  and  correctly  in  the  meridian. 


CHAPTER  11. 
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361.  Length  of  a  Mile :  Geographic ;  Hydrographic. — 
The  English  geographical  mile  is  the  old  standuxl  measurement 
of  5000  feet,  modified  to  5280  when  the  standard  measurements 
of  England  were  overhauled. 

It  is  the  length  of  a  minute  of  arc,  measured  on  the  Equator, 
and  bears  a  ratio  to  the  equatorial  diameter. 

The  length  of  a  minute  of  arc,  measured  on  the  meridian  at 
any  one  latitude,  is  the  British  hydrographic  mile.  Owing  to 
the  oblate  spheroidal  shape  of  the  earth,  the  polar  and  equatorial 
axes  differ  in  length ;  consequently  a  minute  of  arc  varies,  from 
6046  feet  in  length  at  the  equator,  to  6108  feet  at  the  pole : 
6080  feet  is  the  accepted  length  of  the  nautical  mile.  J.  D. 
Potter,  the  mapseller  at  the  Minories,  London,  publishes  a  table 
of  the  length  in  feet  of  the  hydrographic  mile  for  each  ten  miles 
of  latitude ;  and  see  Appendix  VII. 

362.  Oommon  Unit  of  Measurement  for  Land  and  Sea. 
— ^The  common  unit  of  measurement  for  difference  of  latitude  and 
distances  used  for  a  land  survey  and  a  hydrographic  survey,  is 
therefore  the  foot.  A  land  survey  of  6  inches  to  a  mile  is  6 
inches  =  5280  feet ;  for  a  hydrographic  survey  of  6  inches  to  a  mile 
6  inches  «  6056  5  feet  in  latitude  24"  30'. 

363.  '  Natural '  Scale.— In  the  one  case,  6  inches  =  5280  x  12 

f\               1 
inches,  and  the  proportion  to  nature  is = . 

In  the  other,  6  inches  =  6056*5  x  12  inches,  and  the  natural 

6  1 

scale  is  — --  =  .   The  proportions  of  any  given  distance 

ouDo'D  xl^      l^llo 

on  paper  will  be  0  :  H  : :  12,113  :  10,560  when  the  scale  to  a  mile 

is  the  same  for  both. 

364.  Transferring  Positions  from  an  Ordnance  Survey 
to  a  Hydrographic  Chart  of  the  Same  Scale. — Again,  to 
adapt  an  Ordnance  chart  on  a  scale  of  6  inches  =  5280  feet,  to 

176 
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a  hydrographic  plan  or  chart,  the  relation  of  the  length  to  6056-5 
feet  (in  latitude  24"*  30')  must  be  deduced ;  and  if  6  inches 
=  5280  feet,  how  many  inches  =»  6056-5  feet 'J—  :  6  : :  6056-5  : 
5280  =  6-88  inches;  this  would  be  the  corresponding  scale  for  a 
hydrographic  chart,  from  which  any  measurements  may  be  made 
(at  that  latitude)  to  adapt  the  positions  in  one  chart  to  their 
corresponding  places  in  the  other,  and  details  desired  transferred 
to  the  hydrographic  qhart ;  or  if  the  scale  of  the  hydrographic  is 
drawn  with  reference  to  feet  (see  examples  which  follow)  then  the 
calculation  is  simplified. 

Exa/mple, — On  an  Ordnance  map  (scale  6  inches  =  1  mile)  the 
distance  between  two  objects  is  8-92  inches. 

Required  the  corresponding  distance  in  inches  of  paper,  between 
the  two  objects  on  a  hydrographic  survey,  the  scale  of  which  is 
4-72  =  1  mile  =  6083*8  feet. 

If  the  Ordnance  Survey  scale  is  6  inches  =  1  mile  =  5280  feet, 

then  8-92  inches  =  ^^^^' ^'^^  feet. 

6 

The  hydrographic  survey  is  1  mile- 6083*8  feet  =  4*72  inches. 

RO&O     A<Q9 

If  4-72  inches  =  6083*8  feet,  how  many  inches  =  '         feet? 

b 

, :  4-72  : :  ^^SO  ■  8-92  .  g^gj.g 

X  =  (lll^^  -^'l^) .  8-92  =  (-6833) .  8-92  =  609  inches. 
\6083'8 .  6  / 

The  first  fraction  will  be  a  constant  for  that  particular  hydro- 
graphic  chart  on  to  which  the  Ordnance  points  are  being  trans- 
ferred, and   it  equals   the  proportion  of    the  natural  scales  of 

each  chart. 

6  1 

For,  the  natural  scale'.of  the  Ordnance  Survey  =  ■,^-.    ,.  =  ,._^-, 

5280. 12     lOooO 

4*72  1 

the  natural  scale  of  the  hydrographic  survey  .=  =  jgrrs. 

Therefore  the  proportion  of  the  hydrographic  to  the  Ordnance 

1-1  1         10550     .^Q«o      u  * 

scale  IS  i-=-rni :  rT^s^K  =  tkTtt;  =  ^^^3  as  before. 
15447    10560     15447 

The  hydrographic  scale  corresponding  to  a  6-inch  Ordnance 

1     •     ixKiooA/     6.6083-8        6.69116,^,  ..         . 

scale  m  lat.  51    30'  =  — g^g^,  or  -ggiggg-  (**^®  proportions  of 

a  nautical  to  a  land  mile,  as  given  in  Table  29,  Inman'a  Tables) 
and  =  6*916  inches. 

But  the  corresponding  scale  of  longitude  is  very  nearly  the 
same  on  both  charts. 

12 
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That  of  the  Oninaace  would  be  6  .  ^^    =  4-315. 

while  that  of  the  hydrographic  «  6*916  .  cos  lat.  =  4*305. 

365.  SoaJee,  Irregular  Length. — A  gnomonic  chart  is 
constructed  on  any  convenient  scale,  depending  on  many  circum- 
stances, and,  for  reasons  explained  further  on,  it  will  be  only  a 
coincidence  if  this  scale  is  a  whole  number ;  it  may  be  4*65  or 
6*023,  and  so  on. 

366.  How  Deduced  in  Longitude. — The  margin  between 
the  parallels  of  latitude  is  subdivided  in  its  whole  length  in  equal 
divisions;  and  the  scale  of  longitude  is  deduced. from  the  pro- 
portion of  the  length  of  a  mile  in  longitude  to  a  mile  of  latitude, 
in  that  latitude  (see  par.  348),  and  divided  into  equal  divisions 
also ;  the  scales  on  an  Ordnance  chart  are  the  same  as  this,  the 
scale  of  latitude  being  for  the  measurement  of  distances,  while 
the  scale  of  longitude,  proportioned  as  explained  in  par.  364,  is 
for  the  measurement  of  longitude. 

367.  Measurement  of  Latitude,  Departure,  and  Distance. 
— On  a  Mercator  chart,  for  the  reasons  already  stated,  the  latitude 
margins  are  graduated  for  each  latitude,  proportional  to  a  given 
scale  of  longitude  ;  and  from  this  scale,  latitude,  distance,  and 
departure  are  measured.  Each  mile  is  usually  subdivided  into 
tenths,  each  subdivision  being  1  cable. 

368.  Measurement  of  Longitude. — From  the  scale  of 
longitude,  difference  of  longitude  is  measured ;  and  this  scale  is 
subdivided  into  sixths,  each  subdivision  being  lO""  of  arc. 

369.  Scales  on  a  Plan. — In  a  plan,  however,  for  reasons 
already  given,  one  scale  suffices  for  the  measurement  of  difference 
of  latitude,  departure,  or  distance,  and  this  scale  is  arbitrary, 
depending  upon  the  size  of  the  work,  the  present  or  future 
importance  of  the  locality,  time  at  one's  disposal,  instruments,  etc. 

Some  plans  are  constructed  on  6,  10,  18,  24,  or  30,  or  even 
nearly  150  inches  to  a  mile.  Portsmouth  Harbour,  for  instance, 
would  be  more  important  than  Poole,  or  Harwich  more  than 
Bumham-on-Crouch.  There  might  be  months  devoted  over  the 
one,  and  weeks  over  the  other,  and  the  larger  the  scale  the  more 
details  it  will  hold. 

The  scale  attached  to  a  plan  may  be  drawn  as  so  many  inches 
to  a  mile ;  if  so,  each  inch  is  subdivided  into  ten  parts,  and  each 
part  is  a  cable.  If  the  scale  is  such  that  so  many  inches  equal  so 
many  feet,  say  2  inches  « 1000  feet,  then  the  unit  of  subdivision 
will  be  feet  (see  examples) ;  but  the  system  is  not  interchangeable 
unless  the  number  of  feet  is  exactly  known  in  that  latitude.  If 
2  inches  =1000  feet,  and  1  mile  =  6056  feet,  then  the  scale  can 
be  12*112  inches  =  1  mile. 

*  This  quantity  is  the  length  of  a  mile  of  longitnde  in  lat  61*  30',  and 
roughly = the  length  of  1  mile  of  latitude  oos  lat. 
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370.  Soale  of  LoDgitude  on  a  Plan. — Besides  the  scale  of 
latitude  and  distance,  it  is  customary  in  large  plans  to  place  a 
scale  of  longitude ;  and,  as  before  explained,  scale  longitude  «  scale 
latitude .  cos  latitude.     For  example : 

the  scale  latitude  =  12*112  inches  =  1  mile ; 
then  scale  longitude  for  1  mile  =  12*112  cos  51"*  30'  (Greenwich) 

=  12112. -622 
B   7*54:    inches. 

This  length  subdivided  into  6  parts,  each  unit  being  10',  will 
represent  the  scale  of  longitude,  from  which  the  difference  of 
longitude  between  two  points  can  be  measured. 

If  there  is  no  scale  for  this  purpose,  then  the  departure  between 
the  points — that  is,  the  horizontal  distance  east  and  west  of  each 
other — would  have  to  be  measured  from  the  chart  and  on  the 
distance  scale,  and  converted  into  d.  long. ;  d.  long.  =  dep.  sec 
latitude ;  but  this  may  be  strenuous ;  hence  the  separate  scale  of 
longitude. 

371.  Natural  Scale  on  a  Plan. — Besides  the  scale  of  latitude 
and  scale  of  longitude,  a  plan  will  have  a  natural  scale,  as  already 
described,  par.  363  ;  if  for  no  other  purpose,  it  conveys  the  relative 
scales  of  an  Ordnance  chart  and  of  a  hydrographic  chart  of  the 
same  neighbourhood;  and  from  the  natural  scales  of  each  an 
Ordnance  Survey  can  be  connected  up  with  a  hydrographic 
survey  from  a  point  or  mark  common  to  both  charts,  see  par.  364. 

The  position  of  the  Ordnance  Survey  marks  may  be  obtained 
locally,  or  from  headquarters. 

372.  Examples  of  Scales, — 1.  For  a  plan,  draw  the  scale  of 
latitude  and  distance  of  2*5  inches  =  1  sea  mile. 

2.  Draw  a  scale  of  1  inch  =  1000  feet. 

3.  Draw  a  scale  of  1  inch  =  1000  feet^  Le,  6065  feet=  1  mile. 
The  length  of  the  scale  in  this  case  will  be  6*065  inches » 1  mile 
subdivided  into  10  cables. 

4.  Draw  the  scales  of  a  Mercator  chart,  extending  from  lat.  65* 
to  65'*  10'  N.,  and  from  long.  T  to  T  20'  W. 

Given  the  scale  of  longitude  1  inch  =  5  miles,  i,e,  12  in.  =  F. 
The  rigid  method  is  by  meridional  parts  (see  Table  of  Meridional 
Parts,  InmarCs  Tables) : — 

Mer.  parts  for  65*  5178-81     mer.  parts  65'  05'    5190*66 

„       65"  05'     5190*66      „        „    65*10'    520255 


11*87  11-89 

12  12 


60|14244  60|142*68 

distance  in  inches  between         2*374  between  2*378 

60*  00'  and  60*  05'  60*  05'  and  60'  10'. 
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By  the  rougher  method, 
where  scale  lat.  for  5  miles 


scale  long,  for  5  miles .  sec  mid  lat. 
=  1 .  2-373  inches. 
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The  difference  between  the  results  of  the  two  methods  is  in  the  third 
place  of  decimals.  When  the  scale  is  small,  this  rougher  method 
LB  near  enough ;  but  when  the  scale  exceeds  ^  inch  to  a  mile,  the 
rigorous  method  should  be  adopted.     For  instance,  in  the  above 
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case,  had  the  scale  been  1  inch  to  1  mile,  then  the  distance 
between  65°  and  65°  5'  would  have  been  11*87  inches,  and  between 
65°  05'  and  65°  10',  11-89  inches;  whereas  by  the  rougher 
method  the  distance  would  be  11*86  inches — a  loss  of  0*3  inch  per 
mile ;  and  if  a  distance  of  30  miles  was  measured  by  the  latter 
scale  the  error  would  be  1  mile. 

5.  Draw  a  scale  of  longitude,  2*4  inches  =  1  mile,  and  subdivide 
the  scale  into  5  seconds. 

1  mile  of  longitude  is  1  minute. 

5'  is  tV  of  1'.  Hence  divide  2*4  inches  into  12  parts :  each  part 
will  be  5\ 

6.  Draw  a  scale  of  longitude,  8*4  inches  «=1  mile  of  latitude 
in  lat.  50°. 

Since  scale  longitude  =  scale  latitude  x  cos  latitude 

=  8-4x008  50° 
log.  8-4        =    -924279 
log.  cos  50°  =1*808067 

log     =    -732346  =  5-3995  =  length  in  inches  of 

scale  of  r  of  longitude, 

or  natural  cos  50°=  643'  multiplied  by  8*4  «  5*40  inches. 

7.  Lay  off  with  a  protractor  the  scale  of  longitude,  given 
4*27  inches  =  scale  of  1  mile  of  latitude  in  lat.  34°  32'. 

From  any  point  0  in  the  horizontal  line  protract  34°  32'  (the 
amount  of  the  latitude) ;  along  this  line  measure  0  S  =  4*37  inches, 
the  scale  of  1  mile  of  latitude ;  from  S  draw  a  perpendicular  to  0  L ; 
where  this  intersects  0  L,  at  the  point  o,  will  be  the  length  of  the 
scale  of  1  minute  of  longitude ;  subdivide  into  5  or  10  seconds. 

8.  Required  the  natural  scale ;  2*63  inches  =  1  mile.  1  mile  in 
the  latitude  of  the  plan  =  6071  feet. 

The  natural  scale,  being  the  proportion  of  1  inch  of  the  plan  to 
the  number  of  inches  it  represents  on  the  earth's  surface, 

2-63  inches  1 


(6071  X  12)  inches     27700* 

9.  Given  the  natural  scale  ^^^^  in  lat.  31°,  where  the  number 

5000 

of  feet  in  a  mile  =  6067  feet ;  required  the  scale  of  latitude  and 

distance  of  the  plan. 

XT  X      1       1         scale  of  inches  to  1  mile 
Natural  scale  »  — 


therefore 


number  of  inches  in  1  mile  ' 

X 


5000"'6067xl2' 


X  (scale  of  1  mile)  a  — -,.7^; —  « 14'56  inches. 

.  5000 
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10.  The  calculated  distance  of  B  from  A  being  9120  feet,  and 
the  measured  distance  of  the  plan  being  7*5  inches ;  find 

il)  the  scale  of  latitude  and  distance ; 
2^  the  scale  of  longitude ; 
(3)  the  natural  scale. 

In  lat.  48'  10'  N.  6080  feet  =  1  nautical  mile. 
If    9120    is    represented    by    7*5    inches,    how    many   inches 
represent  1  mile  or  6080  feet? 

9120  :  6080  :  :  7*5  :  x. 

(1)  .*.  a;=5  inches  =  scale  of  latitude  and  distance. 

(2)  Scale  of  long.    »  Bcale  of  lat.  x  cos  lat. 

«  5*667  (nat.  cos  lat.)  =  3*335  =  1  mile. 

(3)  Natural  scale  =  j^r^Ti^ — tt^  =  ^r-r=i^  * 
^  '  6080x12     14592 

1 1.  A  hydrographic  plan  is  on  a  scale  of  latitude  of  6*75  inches  to 
a  mile,  and  on  this  plan  there  is  a  spot  marked  O  as  the  observa- 
tion spot,  in  lat.  51"  28'  56"  N.,  long.  1'  10'  15"  W. 

Given  an  Ordnance  chart  on  a  6-inch  scale  whereon  there  is  a 
triangulated  mark  T.  The  latitude  of  T  on  the  Ordnance  chart  is 
5r  30'  15"  N.  and  long.  V  12'  47"-4  W. 

It  is  required  to  place  T  on  the  hydrographic  chart  by  its 
difference  of  latitude  and  difference  of  longitude  from  0. 

Lat.  0     5r  28'  56" 
lat.  T     5r  30'  14" 


d.  lat.        0'    r  18"  =  1*3  miles. 

Since  the  hydrographic  chart  scale  is  6*75  in.  =  1  mile, 
then  inches  of  d.  lat.  =  6-75  .  1*3  =  8775  inches. 

Long,  of  0     r  10'  15"  W. 
long,  of  T     r  12'  47"*4 

diff.  long,      or    2' 32"*4  =  2*54  miles. 

dep.  =  d.  long. .  cos  mid  lat. 
log.  d.  long.       *404834 
log.  cos  lat.      9*794229 


Multiply  by  6*75. 


log.     499063  =  1*5815. 
log.     -829304 


1*829367  =  10*675  inches. 

Then  T  on  the  hydrographic  chart  will  be  8*775  inches  to  the 
north  of  0,  and  10*675  inches  to  the  west. 

How  to  transfer  the  bearing  and  distance  of  any  object  from 
the  Ordnance  to  the  hydrographic  chart  is  shown  in  par.  364. 


CHAPTER  III. 
SYMBOLS. 

373.  High-Water  Line. — Topographical  Symbols  and  Ab 
breviatums  used  in  JDelineating  the  Details  of  a  Plan  (see  Plate  I.). 
— Looking  from  seaward,  the  first  '  hard '  line  or  continuous  line 
represents  the  high-water  line  of  the  coast  at  ordinaiy  spring 
tides.     This  is  the  coast-line. 

Inside  of  the  coast-line,  that  is,  on  the  shore  side,  topographical 
symbols  are  used  to  convey  the  nature  of  the  groimd  at  the 
coast;  it  may  be  a  sandy  H.W.  line,  at  the  back  of  which 
may  be  sand-hills;  or  shingle,  such  as  the  Chesil  beach  at 
Portland ;  or  it  may  be  a  steep  bank,  such  as  in  parts  of  the 
Isle  of  Wight,  perhaps  wooded  to  the  water's  edge;  or  it  may 
be  a  steep  cliff,  like  near  Margate;  or  there  may  be  nothing 
particular. 

Each  one  of  the  foregoing  is  shown,  in  the  order  mentioned, 
in  Plate  I. 

When  the  coast-line  is  either  fringed  or  masked  by  mangroves 
a  foot  or  so  deep,  or  where  it  disappears  behind  an  impenetrable 
and  considerable  depth  of  mangroves,  sometimes  hundreds  of 
yards  deep,  then  the  hard  line  of  the  coast  is  replaced  by  an 
imitation  of  mangrove  bushes. 

The  symbol  is  something  like  a  cabbage  head  with  a  short 
stalk,  many  of  them  close  together ;  but  there  is  no  line.  If  the 
H.W.  line  behind  the  mangroves  is  only  surmised,  it  may  be  put 
in  as  a  ^  pecked '  line. 

374.  View  of  the  Land :  Oonspicuous  Objects. — Beyond 
the  coast-line,  at  the  back  of  it,  are  huts  or  houses  (the  prom- 
inent single  ones  are  marked),  as  also  conspicuous  large  factory 
chimneys,  churches,  high  monuments,  pile  lights,  mills  for  wind 
or  water,  flag-staffs,  conspicuous  tmvs  and  detached  masses  of  trees, 
and  even  lines  of  hedges;  in  fact,  a  multitude  of  details  that 
should  have  a  place  on  the  chart. 

Most  of  them  are  not  usually  required  for  navigation  purposes, 
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though  some  may  be ;  they  are  a  sign-board  to  distinguish  parts 
of  the  harbour  by,  but  not  for  the  exercise  of  draughtsmanship. 
Their  principal  function  is  as  objects  to  *  fix '  with ;  they  are,  in 
fact,  the  permanent  marks  left  and  probably  used  by  the  surveyor. 

Without  them  no  chart  could  be  corrected,  nor  verified,  nor 
'amended,'  unless  re-triangulated;  and  it  should  be  the  principal 
duty  of  a  harbour-master,  not  only  to  verify  his  chart  constantly, 
but  also  to  '  amend '  the  position  of  soimdings  and  buoys,  or  pile 
lights,  as  well  as  the  conspicuous  details  on  the  shore. 

'  Amending  *  includes  '  adding  to.' 

It  was  the  author's  experience  once  to  find  himself  unable  to 
fix  his  position  at  certain  parts  of  a  chart ;  because  most  of  the 
conspicuous  marks  had  either  been  shifted,  or  demolished  and 
erected  elsewhere,  and  the  positions  or  changes  were  not  amended 
on  the  published  chart. 

Neither  cultivated  groimd  nor  a  forest  of  trees  are  objects  to 
'  fix '  with ;  but  they  serve  as  sign-boards  from  which  a  detail  will 
be  recognised,  and  they  should  be  included  in  the  details  of 
the  land. 

375.  Rise  of  the  Land. — Beyond,  again,  there  is  the  rise  of 
the  land ;  and  a  well-fixed  summit  is  immistakably  a  permanent 
and  usually  an  indestructible  mark. 

To  distinguish  one  summit  from  another,  not  only  are  their 
heights  affixed,  but  there  is  a  series  of  contour  lines  round  them, 
showing  the  valley  or  the  saddle  behind  two  rises ;  and  from  the 
bird's-eye  view  of  these  hills  given  on  the  chart  an  experienced 
navigator  should  be  able  to  form  in  his  mind's  eye  their  eleva- 
tion views. 

The  surveyor  reverses  the  operation;  from  an  elevation  he 
creates  the  *plan'  view. 

This  part  of  surveying  is  not  elementary ;  a  sketch,  as  shown 
at  p.  49,  should  be  obtained  from  three  or  four  points  of  view ; 
the  summits  plotted  separately,  then  the  direction  of  the  main 
valleys  and  the  tributary  indentations  sketched  in,  from  both 
of  which  the  contour  lines  are  derived;  the  finishing  touch 
is  practice. 

The  contour  lines  need  not,  as  in  Ordnance  charts,  represent  any 
definite  height,  for  they  are  but  sketched,  while  those  of  Ordnance 
maps  are  obtained  by  levelling ;  but  relative  contour  lines  must 
represent  relative  heights,  that  is,  a  hill  1000  feet  high  must 
show  twice  as  many  as  one  of  500  feet. 

Contours  wide  apart  show  a  gradual  incline,  while  those  close 
together  indicate  that  the  grade  is  steep. 

Equidistant  means  equally,  whether  steep  or  gradual. 

If  there  are  no  hills  marked  on  a  chart,  the  natural  conclusion 
is  that  there  are  none,  and  the  land  is  quite  flat. 

376.  Low-Water  Line. — On  the  sea  side  of  the  H.W.  line 
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abbreviations  are  used  to  denote  the  appearance  of  the  shore  at 
low  water,  ordinary  springs. 

The  ebbed  tide  will  expose  a  sandy  beach,  or  a  shingle  or  gravel 
beach,  or  rocks  which  were  under  water  will  now  show  dry  (dries 
4  feet),  or  shelving  rock  or  coral  (the  same  abbreviation  is  used 
for  both),  or  mud-flats  (with  the  height  above  low  water),  (6)  or 
if  there  is  nothing  exposed  and  the  coast  is  ^  steep  to '  dots  close 
up  to  the  shore ;  each  is  here  described  as  shown  on  Plate  I.  from 
left  to  right 

Only  matter  which  is  exposed  at  low  water  will  have  a  symbol 
of  supposed  resemblance. 

3T7.  Below- Low- Water  Abbreviations. — For  anything 
imder  water  at  L.W.S.,  a  number  of  graphic  and  verbal  abbrevia- 
tions are  used. 

The  soundings  are  in  sloping  figures ;  whether  feet  or  fathoms 
must  be  stated  in  the  title  of  the  chart.  If  in  fathoms,  they  are 
inserted  in  J's  up  to  6 ;  between  6  and  7,  J  fathom  only :  6  J 
would  be  6,  and  6 1  would  be  6  J.  After  7  all  fractions  are  omitted : 
7iand7iare7;  7f  is8. 

The  nature  of  the  bottom,  for  which  there  are  special  verbal 
abbreviations  (see  Inmom's  Tables,  Table  60),  is  inserted  below 
and  to  the  right  of  the  sounding. 

This  is  especially  important  where  the  anchorage  is  indicated  ; 
elsewhere  it  may  turn  out  useful,  either  for  a  ship  that  wants  to 
go  on  a  soft  bottom,  or  for  one  that  wants  to  come  off :  a  pumice 
bottom,  for  instance,  would  not  serve  to  *  lay  out '  anchors  on,  from 
which  to  heave  a  ship  off;  and  the  information  is  serviceable. 

In  the  open,  soundings  and  the  nature  of  the  bottom  combined 
do  in  some  parts  give  a  fairly  accurate  fix  for  navigational  purposes, 
and  it  is  for  navigators  that  the  chart  is  intended. 

Seaward,  contour  lines  of  equal  depths  are  inserted.  The 
requirements  vary  on  different  plans,  principally  depending  upon 
the  scale :  some  contain  the  contour  of  1,  2,  3,  4,  and  5  fathoms, 
while  those  of  a  smaller  scale  include  the  1,  3,  and  5  fathoms 
only.     (See  Plate  I.) 

Contours  of  depth  up  to  5  fathoms  may  be  looked  upon  in  the 
light  of  danger  Hues,  and  therefore  must  be  considered  in  con- 
nection with  the  draught  of  water  of,  and  with  the  nature  of, 
shipping  which  frequents  the  port;  and  also  with  the  rise  and 
fall  of  the  tide.  For  instance,  a  sounding  of  2  fathoms  at  L.W.S. 
will  not  be  dangerous  at  H.W.  springs  to  a  ship  drawing  20  feet, 
when  the  rise  of  the  tide  is  30  feet.  Here,  then,  at  this  period 
of  the  tides,  the  1 -fathom  line  in  the  above  case  would  be  the 
warning  line. 

The  height  above  L.W.S.,  or  the  amount  a  mud-  or  sand-bank 
dried,  is  of  use  to  smaller  craft;  also  by  reason  of  the  rise  of 
tide,  they  will  know  when  it  is  a  danger,  and  when  not. 
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In  deep  water  the  lines  of  contotirs  are  an  aid  to  navigational 
fixing,  for  indicating  the  best  line  of  direction  to  sound  in  when 
position  finding  by  soundings  is  resorted  to. 

The  verbal  abbreviation  r  indicates  a  rocky  bottom,  and  a 
sounding  of  1^  r  means  1^  fathoms  over  a  rocky  bottom  or  a  rock ; 
but  when  the  depth  is  less  than  6  feet,  the  numeral  is  omitted, 
and  a  cross  +  substituted;  and  if  there  is  a  cluster  of  rocks 
6  feet  or  less  below  L.W.S.,  they  will  be  shown  severally  by  crosses 

enclosed  by  a  dotted  line  thus  ,<^ . 

A  coral  reef,  for  instance,  may  dry  at  L.W.S.  for  a  distance ; 
but  beyond  the  L.  W.  spring  line  there  may  still  be  a  continuation  of 
the  reef.  This  continuation  would  be  shown  with  a  number  of 
crosses,  until  the  depth  above  the  sunken  part  of  the  reef  exceeds 
1  fathom  (see  Plate  I.),  when  the  actual  depth  is  recorded,  and 
'  crl.'  (coral)  is  attached. 

Another  graphic  abbreviation,  tjf,  is  used  for  rocks  which  are 
awash  at  L.W.S.  or  at  the  L.W.S.  datum  adopted. 

But  this  must  be  an  unusual  coincidence;  if  it  does  without 
doubt  exist,  its  existence  is  very  useful  for  future  reference,  as 
the  datum  from  which  all  the  present  soundings  on  the  plan  are 
shown. 

There  is  no  abbreviation  for  a  rock  which  is  awash  at  H.W. 
springs,  or  at  the  H.W.  springs  datum  adopted ;  if,  however,  one 
such  is  found,  the  fact  is  stated  alongside  it — 'awash  at  H.W.S.' 
As  in  the  case  of  the  rock  awash  at  L.W.S.,  this  will  also  serve 
as  a  datum  mark  for  future  reference,  or  for  any  future  amend- 
ments to  the  plan. 

378.  Heights. — Heights  are,  as  stated,  always  shown  above 
H.W.  springs;  in  the  case  of  small  islets  or  rocks  where  there 
is  no  room  to  put  the  figures  on  dry  land,  the  heights  are  written 
on  the  water  part  of  the  chart,  in  upright  figures,  and  enclosed 
in  brackets  to  prevent  a  confusion  with  surrounding  figures — 
thus  (15). 

379.  The  margins  of  a  plan  should  be  true  north  and  south, 
though  there  may  occasionally  be  an  exception  to  this  rule ;  and  it 
is  customary  to  draw  the  true  and  mag.  meridian  through  the  spot 
where  the  T.B.  and  variation  are  actually  observed  (see  p.  175). 

380.  Anohoragee  and  Clecuing  LineB  for  Dangers. — It 
is  the  business  of  the  surveyor  to  suggest  suitable  anchorages  for 
small  or  large  shipping ;  also  to  lay  down  '  leading  lines '  if  there 
are  any,  shown  by  two  parallel  lines,  to  the  suggested  anchorage ; 
as  well  as  to  indicate  'clearing  lines.'    (See  Plate  I.) 

The  rate  an4  direction  of  tidal  streams  is  as  important  as 
everything  else ;  they  should  be  determined,  and  shown  by  arrows ; 
and  it  is  equally  the  duty  of  the  harbour-master  to  amend  these 
when  necessary. 
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381.  Soale  and  Title. — Without  a  scale,  a  plan  is  almost 
useless. 

And,  finally,  the  title  should  convey  all  such  infonnation 
as  will  assist  a  navigator.  The  name  of  the  port ;  whether  the 
soundings  are  feet  or  fathoms ;  the  date  of  the  survey,  and  who 
the  surveyor  was,  both  as  regards  his  name,  credentials,  and 
implied  capacity,  are  all  absolutely  necessary. 

382.  The  position  of  the  datum  mark  from  which  all  the 
soimdings  are  shown,  is  equally  important  for  future  reference, 
and  should  be  included  whenever  practicable ;  also  lat.  and  long, 
of  observation  spot,  which  also  should  be  distinguished. 

In  submitting  the  finished  plan,  the  reader  should  refer  to 
ffydrographic  Surveying^  by  the  late  Sir  William  Wharton, 
E.C.B.  In  the  capacity  of  Hydrographer  to  the  Admiralty,  the 
highest  possible  authority,  he  states  in  Chapter  XYII.  what  the 
requirements  of  the  Hydrographer  are. 

The  neophyte  can  do  no  better  than  to  submit  his  work  and 
await  *  information  required,'  and  this  will  be  his  best  education 
and  future  guidance. 


PART  III. 

PRACTICAL  CONSTRUCTION 
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383.  Symbols  and  Abbreviations. — To  save  time  in  writ- 
ing down,  the  following  symbols  and  abbreviations  are  generally 
recognised : — 

O  The  sun's  centre  in  altitude  as  applied  to  a  theodolite 

angle. 
(D  The  sun's  centre  in  azimuth  as  applied  to  a  theodolite 

angle. 
O  S^        The  sun's  lower  and  upper  limb   respectively,  single 

altitudes. 
O  5        The  sun's  lower  and  upper  limb  respectively,  double 

altitudes,  as  observed  in  the  artificial  horizon  (Art. 

Hor.). 
0|  lO        The  sun's  right  and  left  limb  respectively  as  observed 

with  a  sextant. 
e|-  ^  J-  The  Sim's  right  limb  sus  seen  through  the  non-inverting 

telescope  of  a  theodolite. 
<|9  -P  -^   The  sun's  left  limb  under  the  same  conditions  as  the 

right. 

is  the  right  tangent,  or  tangent  of  the  right  extreme  of 
a  point  of  land,  or  island,  or  object. 


is  the  left  tangent,  or  tangent  of  the  left  extreme  of  a 
point  of  land,  island,  or  object. 

In  transit  with :  the  objects  in  transit  being  stated  on 
each  side  of  the  symbol :  thus  Arch  <^  Bee. 
It  is  of  no  moment  which  is  the  nearer. 
^  A  primary  station  of  the  triangulation. 

0  A  secondary  station  or  '  fixed  mark.' 

190 
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A  station  transferred  from  an  Ordnance  Survey. 

-^  The  zero  object  or  direction  of  the  initial  line  of  refer- 

ence. This  symbol  is  applicable  either  for  sextant  or 
for  theodolite  angles :  in  the  first  the  reading  of  the 
zero  is  C*  0' ;  while  with  a  theodolite  the  reading  of  the 

zero  follows  the  symbol.     Thus  at  0  ^  H  -  100'  0'. 

M.H.        Masl^head. 

W.L.        Water-line. 

W.W.       Whitewash. 

+  or  0  on  a  plan  marks  the  observation  spot. 

X  or  •  following  after  a  sounding  means  that  the  last  sounding 
is  repeated ;  thus  4|  •  •  #  #  means  that  there  is  a 
series  of  4|  fathoms. 

6/2,  20/5.  When  sounding  in  feet  and  inches,  5/2  means  5  feet  2 
inches ;  20/5,  20  feet  5  inches :  or,  if  used  for  fathoms 
and  feet,  5/2  would  be  5  fathoms  2  feet. 

Z.OwE.      is  zero  O.K.,  or  zero  correct. 

Time  of  day  is  usually  written  in  Roman  letters ;  and 
some  enthusiasts,  for  brevity,  use  the  signs  of  the  zodiac 
for  the  days  of  the  week,  thus,  in  order,  as  shown : 

5   9  6  2^  1?  ¥  O. 

M.T.P.         Mean  time  of  place. 
A.N.  Apparent  noon. 

Mer.  Pass.  Meridian  passage. 
Mag.  Mer.  Magnetic  meridian. 


A 

TAt. 

Triangle. 
Latitude. 

Long. 

T.B. 

H.A. 

Longitude. 
True  bearing. 
Hour-angle. 

CHAPTER  I. 


SUBVBY  IN  GENERAL. 

384.  All  methods  of  surveying  consist  of  the  connecting 
together  of  a  number  of  triangles. 

385.  To  construct  a  triangle  it  is  necessary  to  know  the  length 
of  one  side  and  the  dimensions  of  two  angles,  or  the  length  of 
the  three  sides.     Thus,  given  the  length  of  the  line  A  B  in  triangle 

ABC  (fig.  128,  a)  and  the 
horizontal  angles  ABC  and 
BAC,  the  triangle  ABC 
can  be  constructed,  the  angle 
C  being  ={180-(A  +  B)} 
(see  Protractor,  p.  51). 
Thus  the  position  of  C  may 
be  fixed,  and  the  length  of 
A  C  and  B  C  can  be  measured 
by  protractor,  the  distances 
A  to  C,  B  to  C,  depending 
upon  the  a&tae  scale  as  that 
on  which  AB  is  drawn. 
Triangle  BAD  can  be  con- 
structed on  the  same  side  AB, 
and  also  ABE,  and  any 
number  of  others.  Or  take 
triangle  ABC  (fig.  128,  6), 
BAC  being  a  right  angle 
and  B  C  A  being  an  observed 
vertical  angle,  the  length  of  A  C  can  be  protracted  by  laying  off  the 
angles  ABC  and  BAC;  or  it  can  be  calculated,  A  C  =  A  B .  tan  A  B  C 
or  A  B .  cot  A  C  B,  and  the  position  C  determined  either  way ;  and 
similarly  any  number  of  others  that  may  follow. 

Referring  to  fig.  128  (a) :  If  from  each  end  of  AB  angles  are 
taken  to  a  number  of  objects  such  as  D  and  £,  the  positions  of  E 
and  D  can  be  determined,  relative  to  A  B. 
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•  386.  Accuracy  of  Angles  and  Sides. — Now,  the  value  of 
&  survey,  or  the  correctness  of  it,  since  it  rests  on  a  nwmher  of 
triangles,  will  depend  upon  the  accuracy  with  which  C,  D,  etc.,  are 
fixed ;  and  this,  again,  will  depend  upon  the  accuracy  of  the  angles 
taken  at  B  and  A,  and  projected  from  thesb  points. 

387.  Angles  Correct,  the  Objects  are  Relatively  Gorrect. 
— If  the  angles  are  correct.  A,  B,  C,  D,  E  are  all  quite  correct 
relative  to  each  other. 

388.  The  Accuracy  of  the  Lengths  depends  ui)on  Oor- 
rectnesig  of  Side  Plotted  from.— The  accuracy  of  the  scale 
will  depend  upon  the  correctness  of  the  length  A  B.  For  example, 
if  A  B  is  mid  to  be  1000  feet,  and  is  drawn  10  inches  in  length, 
then  A C  and  B C,  AD,  B D,  A E  and  B £,  etc.,  have  a  certain 
ratio  to  A  B,  depending  upon  the  angles  of  each  triangle ;  and  their 
distance  depends  upon  A  B  being  1000  feet,  or  a  scale  of  1  inch 
equals  100  feet. 

But  if  A  B  is  really  900  feet,  then  the  correct  scale  is  1  inch 
equals  90  feet,  and  all  the  distances  measured  by  the  assumed 
soEde  are  wrong. 

389.  Necessity  to  obtcdn  Correct  Length  as  well  as 
Correct  Angles.  —  Therefore  the  surveyor  must  attempt  to 
obtain  correct  angles,  as  also  a  correct  length  for  the  common 
base. 

390.  The  most  Gorrect  Instrument  for  Angles. — The 
most  correct  angles  can  be  obtained  with  a  theodolite,  for 
reasons  already  stated. 

A  sextant  on  shore  will  give  wonderfully  good  restdts;  a 
sextant  afloat  not  quite  so  good. 

391.  The  most  Correct  Means  of  Obtaining  Length. — 
Distances  can  be  measured  with  a  chain  more  correctly  than  by 
any  other  known  means.     (See  ChavOj  p.  158). 

For  distances  measured  with  a  theodolite  and  a  known  length,  see 
Tenrfoot  Pole  amd  Levdling  Staffs  pp.  153-155.  Distances 
obtained  by  sextant  measurements,  such  as  by  M.H.  angle  or 
10-foot  pole  (see  pp.  152  and  162),  are  not  so  good;  distances 
measured  by  the  difference  between  two  positions  fixed  by  station 
pointers  are  much  less  accurate ;  and  distances  obtained  by  patent 
log,  from  one  position  to  another,  are  still  less  so. 

As  will  be  shown  hereafter  in  sequence,  each  represents  grades 
of  correctness  ;  and  there  must  be  an  occasion  when  by  necessity 
it  is  one  form,  and  the  best  under  the  circumstances ;  and  another 
occasion  when  it  is  the  other,  or  a  happy  combination  of  the  best 
of  either. 

392.  All  Details  depend  upon  the  Triangulated  Points. 
— Everything,  %,e,  all  further  *  fixing'  and  'sounding,'  depends 
upon  the  accuracy  of  the  triangulated  points  which  are  used  for 
fixing ;  and  hence  the  total  value  of  the  work. 

13 
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303.  First  Thing  Neoeesary :  Plotting  Side.— The  first 
thing  required  in  any  survey  is  the  length  of  a  side  from  which  to 
plot  a  number  of  objects ;  in  fact,  a  base  common  to  a  number  of 
triangles. 

This  side  is  technically  called  the  '  plotting  side.' 
894.  The  most  Oorreot  Side  to  Plot  ftonL — One  side  of  a 
triangle  is  more  correct  to  plot  from  than  another  (see  triangle 
ABC,  fig.  129). 

Let  a  line  A B  be  drawn  on  which  to  construct  triangle  ABC. 
From  A  and  B  lay  off  successively  the  angles  B  A C  and  ABC. 

As  is  represented  in  the  figure,  angle  A  C  B  is  the  '  receiving ' 
angle,  and  it  is  very  small.  On  p.  76  it  has  been  demonstrated 
that  when  the  receiving  angle  is  small,  an  error  of  observation 
makes  a  large  error  in  position,  and  in  Part  1.  whole  chapters  are 
devoted  to  errors  of  observation ;  hence,  a  small  error  in  either  or 

both    angles     B  A  C, 
ABC,   wiU    place   C 
considerably    out    of 
°  ^  ^"  position,   apart  from 

any  error  in  drawing. 
AB  is  the  shortest 
side  of  the  triangle, 
opposite  to  the 
smallest  angle ;  there- 
fore the  short  side 
is  the  worst  to  plot 
Fio.  129.  from. 

Now  consider  the 
converse  position.  Suppose  B  C  to.  be  the  plotting  side ;  then 
errors  of  observation  in  angles  B  and  C  will  make  but  a  small 
error  in  the  position  of  A. 

B  C  is  the  side  opposite  the  greatest  angle. 

The  nearer  the  receiving  angle  at  A'  is  to  a  right  angle,  the 
better  it  will  be  (see  p.  211). 

And,  in  every  triangle,  the  largest  angle  is  nearer  90**  than  any 
other  angle  of  the  triangle,  and  since  the  longest  side  is  opposite 
the  greatest  angle,  the  plotting  side  of  a  triangle  should  be  the 
longest  side. 

And  since  there  will  be  a  number  of  triangles  constructed  on 
the  plotting  side,  then  the  plotting  side  should  be  the  longest  side 
of  each  triangle,  or  the  longest  possible  in  the  whole  area  included, 
consistent  with  other  requirements, 

305.  The  most  Suitable  Side  to  Plot  from.— And  since 
we  require  to  take  the  angles  to  the  third  object  from  each  end  of 
that  side,  then  the  positions  at  the  end  of  it  must  be  visible  from 
each  other ;  this  may  not  be  always  practicable. 

Then,  that  side  the  ends  of  which  are  visible  from  each  other 
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and  from  the  third  point  of  the  triangle  of  which  it  is  the  base, 
and  which  most  nearly  fulfils  the  condition  that  the  receiving 
angle  to  the  other  points  is  most  nearly  90",  is  the  plotting  side 
that  should  be  selected. 

306.  Extending  the  < Measured  Base'  to  the  'Plotting 
Side.' — ^But  this  longest  possible  side  is  probably  a  long  diameter 
of  the  plan,  and  its  direction  may  be  across  the  water ;  if  so,  some 
means  must  be  devised  for  obtaining  its  length. 

If  a  chain,  or  a  line  of  known  length,  or  a  10-foot  pole,  or  a 
levelling  staff,  be  used  in  connection  with  a  theodolite,  the 
distance  E  W  (fig.  130,  b)  can  be  measured :  this  piece  is  known 
as  the  base  or  *  measured  base.' 

It  is  desired  to  use  C  W  as  a  plotting  side.  Then,  the  three 
angles  of  the  triangle  having  been  observed,  and  E  W  measured. 


Fto.  130. 


C  W  =  E  W .  sin  E .  cosec  G ;  and  the  length  of  the  plotting  side  is 
calculated  (see  fig.  130  (6),  and  refer  to  example,  p.  218).  CW 
might  be  found  by  using  the  ship  (see  Example,  p.  206,  par.  416). 

Fig.  130  (a)  shows  where  the  base  EW  was  extended  to  the 
plotting  side  AB,  by  first  finding  BW  in  A  BEW:  then  in 
ABAWfind  AB;  or  in  A  BEW  first  find  BE,  and  in  A  BE  A 
find  AB;  or,  and  more  correctly,  calculate  AB  by  both  ways, 
and  mean  the  results  (see  Examples^  pp.  222  and  320). 

307.  Project  Angles  from  the  Ends  of  the  'Plotting 
Side.' — From  the  ends  of  this  side,  angles  are  taken  to  all  those 
objects  that  are  to  be  included  in  the  'triangulation.'  But  before 
the  plotting  side  can  be  put  on  paper,  we  must  know  what  the 
true  bearing  of  one  end  of  it  is  from  the  other ;  merely  and  only 
because  we  want  it  to  lay  on  its  right  slue  according  to  the  sides 
of  the  paper. 

398.  Placing  the  Plotting  Side  on  the  Paper. — Also  we 
must  know  what  will  be  its  position  on  the  paper,  or  the  lines 
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projected  from  its  two  ends  if  badly  placed  on  the  paper  may 
intersect  beyond  the  margin  of  the  paper. 

Then,  having  a  true  bearing — or,  at  first,  an  approximate  T.B. 
— ^and  the  length  of  the  line  in  feet,  the  position  on  the  paper  can 
be  decided. 

The  direction  and  position  of  the  plotting  side  is  drawn,  reach- 
ing from  one  end  of  the  paper  to  the  other  (see  ProtractOTy  p.  52, 
par.  138).  The  scale  must  be  decided  on,  but  no  rule  can  be  given 
for  this,  as  it  will  depend  upon  the  size  of  the  harbour  and  the 
length  of  time  that  It  is  intended  to  devote  to  the  work ;  remem- 
bering that  the  larger  the  senile  the  more  detail  it  will  hold. 
The  length  of  the  plotting  side  in  inches  of  paper  is  dependent 
on  the  scale  adopted.  '     '^ 

300.  Length  of  Plottiog  Side  in  Inches  of  Paper. — 
Suppose  the  plotting  side  is  found  to  be  8000  feet,  and  the 
scale  adopted  is  6  inches « 1  mile  =  6060  feet,  then  8000  feet  = 

1?^ .  6  (inches  of  paper)  =  7  92  inches. 

Prick  on  the  line  drawn  the  position  of  one  end  of  the  plotting 
side ;  measure  7  92  along  it ;  and  prick  the  other  position. 

Whether  a  theodolite  or  sextant  is  used,  the  three  angles  of  each 
triangle,  of  the  first  part  of  the  triangulation,  must  together 
equal  180° ;  if  they  do  not,  then  the  triangle  cannot  be  plotted 
(see  p.  228).  When  the  necessary  adjustment  is  made,  each  angle 
is  projected  from  the  end  of  the  plotting  side.  This  will  give  two 
lines  through  every  object  which  forms  the  third  point  of  the 
triangle ;  and  at  the  third  point  of  the  triangle,  the  angle,  whether 
observed  or  calculated  from  the  other  two,  =180* -the  sum  of 
the  other  two. 

400.  First  Lot  of  Angles  Projected.— Let  A  B  in  fig.  131 
be  the  plotting  side ;  the  observed  angles  at  A.  and  B  are  projected, 
producing  intersection  of  two  lines  at  respectively  E,  C,  and  D. 
The  plotting  must  be  carried  out  rigorously,  as  explained  on  p.  55, 
par.  147,  and  the  lines  be  drawn  the  full  length  of  the  paper.  But, 
since  any  two  lines  projected  from  the  ends  of  a  line  must  meet 
somewhere,  there  is  nothing  to  indicate  that  all  the  positions  may 
not  be  in  error,  due  to  a  mistake  in  the  plotting ;  it  cannot  be 
in  the  angles,  because  the  sum  of  the  three  angles  of  each  triangle 
makes  180"*. 

But  since  they  have  all  been  plotted  from  the  common  side,  then 
each,  if  plotted  correctly,  should  be  relatively  correct  to  the  other. 

401.  'Checking'  lines. — So  that,  if  an  angle  is  projected 
from  one,  C,  for  instance,  to  D,  (7-B  being  the  line  of  reference 
iecatue  it  is  the  longer  line  of  the  two  dravm  through  (7,  then  the 
line  so  projected  should  go  exactly  through  D;  and  also,  if  a 
similar  line  is  projected  from  C,  with  C  B  as  a  line  of  reference, 
with  the  angle  B  C  E,  then  the  line  should  go  exactly  through  E. 
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If  there  is  no  cooked  hat  (see  p.  60)  at  either  D  or.£,  then  £,  G,  D 
are  not  only  relatively  correct  to  A  B,  hut  also  to  each  other. 

The  check  angles  are  suggested  from  C.  But  is  this  the  hest 
place  to  project  angles  from^  For  (see  fig.  131)  the  line  from 
C  to  D  is  ohviously  a  bad  one,  because  it  makes  such  a  small  angle 
with  the  line  A  D.  (See  Explanation  of  a  *  Fix '  by  Two  Lines  and 
the  Best  Position  of  the  Third  Line,  p.  211.) 

There  is  the  same  objection  to  taking  the  check  lines  from  D, 
for  D  G  is  almost  in  line  with  A  G. 

But  from  E  is  evidently  the  best ;  and  all  the  check  lines  of 
reference  should  have  been  plotted  from  E  (also  see  fig.  144, 
p.  211).  -    - 
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402.  Line  of  Beference  for  'Gheck  Lanes.'— Now  from  E, 
which  shall  be  the  line  of  reference  from  which  the  angles  are  to 
be  laid  off?    It  must  be  either  E  B  or  E  A. 

It  must  not  be  forgotten  we  require  as  long  a  line  as  possible  for  an 
initial  line  for  chording  the  angles.    (See  Protractor,  p.  53,  par.  141.) 

And  since  E  B  is  supposed  longer  than  E  A,  that  is  the  proper  side 
to  plot  from,  and  angles  BED,  BEG  should  be  projected  from  it. 

403.  Selection  of  Zero  -^. — Also,  an  observer  at  E  must  or 

should,  for  the  reason  given  above,  take  B  for  a  zero  (see  Zero, 
p.  122,  par.  265).  He  has  the  choice  of  either  A  or  B,  and  B  it 
must  be.  Therefore  B  is  the  zero  from  E,  both  to  observe  from 
and  also  to  plot  from. 

The  following  elementary  plans  are  examples  of,  first,  plotting 
angles;  followed  by  an  illustration  of  the  difference  between  a 
measured  base  and  a  plotting  side ;  and  then  by  a  measured  base 
which  is  the  plotting  side;  and,  lastly,  a  case  is  given  of  an 
erroneous  triang^ulation. 
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TRIANGUIiATION  BY  SBXTANT  ANGLES. 

404.  Example  1.     (See  fig.  137.) 
Surveying  harbour  Date  etc. 

The  T.B.  of  Flag  from  Cairn  is  N.  67^*  20'  E.  and  Var.  10**  06'  W. 
The  calculated  distance  from  Cairn  to  Flag  is  7225  feet,  obtained 
from  a  series  of  measurements  from  C  to  F  (see  p.  160,  par.  338). 
The  scale  adopted  is  5  inches  =  1  mile  =  6084  feet. 
Cairn,  Flag,  N.W.  (merely  a  name),  White,  are  the  adopted 

*  main '  stations  (A)* 

Cairn  to  Flag  is  not  the  best  plotting  side,  on  account  of  the  small 

*  receiving  angle '  from  C  and  F.     N.W.  to  Flag  is  better ;  its  length 
must  therefore  be  calculated,  and  the  T.B.  must  also  be  deduced. 

The  main  angles  taken  at  the  following  positions  (1),  (2),  (3), 
(4),  must  be  chorded  (chord  a=  2r .  sin  ^) : — 


(1). 
At  Cairn  A. 

N.W.  78^*  00'  Flag 

51    12  White 

12   48  Islet  (25) 

(8). 
At  White  A . 

Cairn  22*  00'  Rock  (4) 
33  32  Islet  (25) 
62   54  N.W. 

Flag  110  40  N.W. 


^N.w 


(2). 
AtFU^  A. 

Cairn        63'  40'  N.W. 

Islet  (25)  13  04  N.W. 

N.W.        51    46  White 

Rock  (4)  27   40  N.W. 

(4). 
At  N.W.  A. 

White  65**  54'  Flag  SS**  20'  Cairn 


9) 


» 
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And  fix  the  following  positions  : — 

[5)  At  Rock  (4),  N.W.  120*"  00'  Flag. 

^6)  At  conical  buoy,  Cairn  122*  N.W.  <^  Rock  (4)  90*"  00'  Flag. 

(7)  „  „       N.W.  24"  40'  Rock  (4)  <^  Islet  78'  00'  Flag. 

(5)  and  (6)  are  fixed  by  calculated  angles. 


Station 
pointer  fixes. 


>» 

» 

)} 

» 

»> 

» 

Tracing-paper  fix. 
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(8)  At  Rock  dries  4  ft.,  N.W.  90*"  00'  White.  ^ 

„  Islet  85"  30'        „ 

(9)  Rock  awash  at  L.W.,  Islet  10"  00'  N.W. 

Cairn  110"  00'  N.W. 

(10)  Rock  with  2  feet  over  it  at  L.W.,  N.W. 
123"  00'  White  57"  00'  Flag. 

(11)  Rock  awash  at  H.W.,  White  39"  00'  Flag 
51"  00'  Islet  4>  Cairn. 

(12)  Ship  at  anchor,  Islet  23"  15'  N.W.  ' 

Cairn  90"  00'  N.W. 
Flag  90"  0'  Cairn. 
White  90"  0'  Flag.  J 

(13)  N.W.  2"  Islet  86"  30'  Flag. 

(14)  Cairn  61"  30'  Islet  62"  30'  N.W. 

(15)  „      41"  30'     „     21"  0' N.W. 
At  White,  Fix  (15)  17"  50'  Flag. 

This  angle  at  White  is  a  *  check '  to  Fix  (15). 

(16)  Flag  80"  30'  Islet  43"  30'  N.W. 

(17)  „    61"  00'    „     83"  30' N.W. 
White  14"  30'  Fix  (15). 

Flag  14"  00'  Fix  (14). 
Fix  (13)  16"  20'  Cairn. 

These  last  three  angles  are  *  checks*  to  Fixes  (13),  (14),  (15). 

405.  To  Start  Plottin^^. — Starting  with  a  clean  sheet  of 
drawing-paper  about  12  inches  square,  we  want  to  place  the 
plan  on  the  paper  so  that  the  edges  of  the  paper  will  be  nearly 
true  N.  and  S. 

406.  Draw  a  True  Meridian. — The  simplest  way  to  do 
this  is  to  draw  a  true  meridian  roughly  parallel  with  the 
edges. 

Where  shall  it  be  drawn  ? 

Now  since,  for  the  reasons  already  stated,  the  side  Flag  to 
N.W.  is  to  be  the  plotting  side,  this  will  be  the  first  line  drawn 
on  the  paper;  and  one  end  of  it  will  for  choice,  and  also  for 
accuracy's  sake,  be  on  the  true  meridian.  So,  then,  the  true 
meridian  will  either  be  drawn  through  Flag  or  through  N.W. 

Let  it  be  through  Flag. 

Flag  is  apparently  nearly  the  easternmost  station  (see  sketch, 
fig.  132) ;  but,  in  order  to  allow  for  anything  that  may  turn  up  to 
be  to  the  right  of  it,  draw  the  true  meridian  about  3  inches  from 

the  right  jddge.     The  symbol  for  the  T.M.  is  ^,  and  it  had  better 

be  80  labelled  to  prevent  further  confusion.  On  this  meridian  we 
want  to  place  the  position  of  Flag.  Well,  it  appears  to  be  about 
\  of  the  way  up  the  plan  from  the  southernmost  station.     Sup- 
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posing  Cairn  will  eventually  be  3  inches  from  the  bottom,  put  Flag 
about  5  inches  from  bottom. 

Prick  through,  on  the  true  meridian,  the  position  of  Flag, 
about  5  inches  from  the  bottom,  and  label  it  *  A  Flag.' 

407.  Lay  off  Direction  of  Plotting  Side.— The  next  thing 
is  to  find  the  direction  of  N.W.  from  Flag. 

From  Flag,  Cairn  bears  S.  67*  20'  W. ;  and  since  the  angle  at 
Flag,  between  Cairn  and  N.W.,  is  63*  40'  (see  under  column  2), 
then  N.W.  must  bear  from  Flag  S.  67*  20'  W  +  63'  40'  to  the 
We8t=S.  13r  0'  W.,  that  is,  N.  49*  W. 
Hence  N.W.  bears  from  Flag  N.  49*  W. 
To  project  49'  from  the  true  meridian  by  chords : 
Adopt  a  circle  of  5-inch  radius  (see  Protractor,  p.  57,  par.  152). 
Measure  off  5  inches  from  the  scale  on  the  protractor. 

With  one  leg  of  the  dividers 
at  Flag,  scratch  a  circle  so 
that  it  cuts  the  true  meridiai; 
at  X  (see  fig.  133),  and  leaS4 
a  mark  all  round  the  paper  on 
each  side  of  it. 

Now  the  length  of  the  chord 

of  49*  =  2  rad.sini?* 

2* 

=  10  X  -4147 

=  4*147  inches. 

Measure  off  this  length  on 
the  protractor  from  the  *  di- 
agonal' scale.     With  one  leg 
Fio.  183.  of  the  dividers  at  a:,  scratch 

across  the  first  circle  as 
shown  in  fig.  133.  Suppose  it  to  cut  the  other  circle  at  Y, 
prick  a  hole  at  Y.  Then  from  F,  F  Y  is  the  line  of  direction  for 
N.  49*  0'  W. 

Place  the  straight-edge  on  the  paper  with  the  bevel  edge 
uppermost,  and  join  F  with  Y.  Feel  with  the  point  of  the  pencil 
whether,  when  placed  at  the  edge  of  the  straight-edge,  it  goes 
through  the  centre  of  the  holes  pricked  at  F  and  Y. 

Hold  the  pencil  at  such  an  angle  that  the  little  finger  rests  on 
the  straight-edge;  and,  keeping  it  at  that  angle,  draw  the  line 
from  one  end  of  the  straight-edge  to  the  other.  A  straight-edge 
for  this  purpose  should  not  be  less  than  18  inches  long :  a  5-inch 
protractor  is  practically  useless  for  such  a  purpose. 

Then  F  Y  is  the  direction  of  N.W.  This  fact  had  better  be  noted 
at  the  very  end  of  the  line,  lightly,  in  pencil. 

408.  Ijength  in  Inches  of  Paper  of  Plotting  Side.— The 
distance  along  the  line  F  Y  must  now  be  calculated. 
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In  triangle  NCF  (fig.  134)— 

N  =  38'  28'     (see  col.  4). 
C-78  00      „      „     1 
F  =  63  40      „      „     2 


180  00 
and  C F» 7225 :  to  find  N  F. 

NF  =  CF  sin  Ccosec  N  =  7225. sin 
78*  00'  coseo  38**  20'  =  11,344  feet. 

As  5  inches  =  6084  feet,  how  many 
inches  =11,344  feet  =  ^^^  .  5  =  9*364  iiichesl     Meaaure,  along 

the  line  FY,  9*364  inches;  prick  a  hole  on  the  line;  that  will  be 
the  position  of  N.W. 

400.  Projectiz)^  the  Main  Angles. — Make  a  triangle  round 
this  hole  and  label  it  '  A  N.W.'  All  the  'main'  angles  taken  at 
F  will  now  be  projected  from  this  initial  line  bj  chords.  The 
first  angle  mentioned  at  F  is  Cairn  63°  40'  N.W. 

The  circle  is  already  on  the  paper;  there  only  remains  to 
measure  the  chord  of  63*  40'  (see  Protractor  and  C hording  Angles 
above  60%  p.  55,  par.  149)  to  the  left  of  Y. 

This  will  give  a  line  of  direction  for  Cairn. 

The  same  process  is  carried  out  for  White  on  the  right  of  Y. 

The  paper  now  shows  three  lines  radiating  from  F,  each  being 
labelled. 

If  the  angles  are  laid  off  in  the  same  way  at  N.W.  from  the  line 
N  F,  using  the  same  length  of  radius,  there  will  then  be  three 
lines  radiating  from  N.W. :  the  initial  line  N  F,  one  to  Cairn,  and 
one  to  White. 

Where  the  two  Cairn  lines  intersect,  is  its  plotted  position,  and 
where  the  White  lines  meet  is  White's  position. 

If  the  angles  are  projected  without  error  of  any  sort,  then 
Cairn  and  White  are  relatively  quite  correct  to  N  F. 

But  we  are  never  certain  that  the  angles  are  correctly  laid  off 
until  the  check  line  is  drawn. 

410.  Projecting  Check  Lines  firom  the  Beet  Idnee  of 
Beferenoee. — In  this  particular  case  it  does  not  matter  much 
which  is  taken — ^that  is,  whether  the  check  line  is  projected  at  C  or 
at  W,  though  that  from  the  Cairn  is  slightly  the  better. 

And  if  from  Cairn,  which  angle  shall  be  used  ? 

It  must  be  either  N  C  W  (62"  54')  from  line  N  C,  or  W  C  F 
(47*  46',  i,e.  110"  40'  -  62'  54')  from  line  CF. 

From  NC  is  undoubtedly  the  better  line,  because  the  arc  of 
the  circle  swept  for  chording  can  fall  within  CN  and  beyond 
CW;  but  CF  being  nearer  than  CN,  the  line  CF  prodttced 
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wotdd  have  to  be  the  zero  line,  and  this  is  obviously  not  so  correct 
BJsCN. 

So  then  angle  N  C  W  is  laid  off  from  line  C  N,  with  a  chord  of 
any  suitable  length  of  radius  so  long  as  it  falls  short  of  N  and  if 
possible  beyond  W. 

At  the  beginning  of  this  explanation,  the  length  of  the  radius 
was  suggested  as  5,  merely  because  it  was  more  convenient, 
inasmuch  as  2r=  twice  5  =  10 ;  as  a  matter  of  fact,  since  F  to  N 
was  9  inches  we  could  or  should,  for  greater  accuracy,  have  used 
an  8  or  8^  radius. 

In  the  final  angle  NOW,  we  still  have  the  option  of  any  radius 
shorter  than  the  distance  C  N. 

If  the  line  C  W  goes  through  the  plotted  position  of  W,  then 
not  only  are  C  and  W  correct  relative  to  N  and  F,  but  they  are 
also  relatively  correct  as  regards  each  other ;  hence  their  position 
is  established. 

Put  A  round  them,  and  mark  them. 

These  four  points  are  the  primary  triangulation  in  this 
particular  case. 

In  practice  there  will  be  many  more,  but  all  are  plotted  in 
exactly  the  same  way  as  shown. 

411.  Plotting  Secondary  Stations  Depending  upon 
Accuracy  of  Primary  Points. — From  these  four  the  secondary 
stations  are  derived.  But  all  the  three  angles  of  the  triangle  of 
which  they  are  the  apex  are  not  necessarily  observed :  it  will  be 
satisfactory  enough  to  plot  them  from  the  angles  at  the  base; 
and  if  the  bases  of  ea^h  triangle  {they  are  the  sides  of  the  main 
triangulation)  of  tohich  a/ny  secondary  mark  is  the  common  apex 
are  relatively  correct  to  each  other,  then  that  point  can  be  fixed 
without  a  cocked  hat  (see  Cocked  Hat^  p.  60).  If  there  is  an 
error,  then  the  points  from  which  a  secondary  station  is  plotted 
are  in  error,  or  the  lines  are  projected  in  error;  therefore,  all 
possible  accuracy  should  be  employed  in  fixing  the  first  and  main 
points. 

To  fix  Islet  there  is  an  angle  from  C,  from  F,  and  from  W  :  one 
from  N  also  would  not  assist. 

These  angles  are  projected  either  with  the  edge  of  the  pro- 
tractor, or  the  '  chord  scale '  on  the  protractor,  or  with  the  chord 
as  before. 

It  very  much  depends  on  their  distance  from  it,  and  also  the 
receiving  angle  at  it  and  the  accuracy  desired.  If  near,  the  edge 
of  the  protractor  might  do,  but  if  the  receiving  angles  are  bad, 
then  chording  must  be  resorted  to. 

412.  Using  the  Chord  Scale  on  the  Protractor. — In  this 
case  we  temporise  and  use  the  chord  scale  on  the  protractor.  Let 
the  radius  have  any  value. 

Taking  the  length  of  the  chord  of  60*  as  a  radius,  scratch  this 
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across  the  line  F  N,  and  for  a  short  distance  to  the  left  of  F  N ; 

because  the  angle  is  13"  04'  to  the  left  of  it. 

Then  measvire  off  the  scale  on  the  protractor,  the  length  of  the 

chord  for  13*  04',  interpolating  as  near  as  possible  for  the  odd  4' ; 

with  this  distance,  sweep  across  the  previous  scratched  arc,  from 

its  point  of  intersection  on  the  line  F  N. 
Where   the  scratches 

cross,   is   the   point    of 

direction  for  the  angle 

13'  04'  drawn  from  F. 

Repeat  the  same  thing 

from  C ;  there  the  angle 

is   12'  48'  from  the  N 

line  from  C. 

The   next  should  be 

from   W;    but,   though 

the  angle  is  given  from 

C  33*  32',  it  is  slightly 

more  accurate  to  lay  it 

off  from   N,  the  angle 

from   there   being  (62* 

54' -33*  32')  =  29*  22';  this  line  of  reference  being  the  longer, 

and  making  a  smaller  angle  with  the  line  intended  to  be  projected  : 

this  applies  to  all  the  secondary  stations  plotted. 
413.  *  Fixing '  an  Object  by  the  Calculated  Angle  to  it. — 

The  case  of  the  rock  (4  feet)  is  slightly  different     It  was  only  *  shot 
II  up'  from  F  and  from  W  (see  fig.  137), 

so  there  is  still  the  doubt,  for  the  want 
of  a  third  shot,  as  to  whether  the  angles 
were  taken  correctly,  or  if  they  have 
been  plotted  correctly.  So  an  angle 
was  taken  at  Rock  (4).  See  fix  (5) 
*at  Rock  (4)  NW  120'*  00'  Flag.'  In 
fig.  135  NRF=120*  00';  and  since 
it  was  observed  from  F,  imgle  N  F  R  = 
27*  40';  and  if  NRF  =  120*  00',  then 
R  N  F  must  =  180*  -  (120*  00'  +  27*  40') 
=  32*  20'.  Here,  then,  is  the  check 
angle,  derived  from  a  calculated  angle, 
and   this  is  known  as  the  process  of 

fixing  by  a  *  calculated  angle';  and  see  example,  fix  (6),  where 

two  calculated  angles  are  employed. 

Fix  (6).     This  is  again  a  case  of  fixing  by  '  calculated  '  angle,  but 

this  time  from  two  calculated  angles,  one  of  them  being  the  '  check.' 
In  fig.  136,  O  is  the  observer  at  the  conical  buoy. 
And  N  ^  r = 90*  00'  F,  therefore  N  0  F  -  90*  00'.     But  F  N  r  or 

F  N  0  is  32*  20'  from  the  previous  fix ;  and  if 
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FNO  =  32'  20' observed 
FON  =  90  00  observed 
then      NFO«57   40  ('calculated') 


180  00 
and  the  angle  dT"  40'  is  projected  at  F  from  line  F  N. 

Again,  in  tig.  136,  if  ON  F  =  32'  20' and  FN 0  =  38*'  20' (see 
angles  at  N.  W.),  then  0  N  0  =  6'  00'.  And  since  N  0  0  « 1 22'  00' 
(observed),  then  N  0  O,  the  angle  at  0  between  N  and  0,  =  180° 
-(6*  00' +  122'  00')  =  52'  00'.  This  angle  gives  the  check. 
O  being  fixed  from  a  line  at  N.W.,  0  being  ^  Bock  (4),  a 
<  calcidated '  angle  atF,  N  FO,  being  57'  40' F;  and  a  <  calculated ' 
angle  from  C,  N  52'  00'  0. 

414.  Usual  Method  of  Fizixi^  Ooafit-Line  Marks,  or 


i  1 
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10  CabiM 
1  Mite 


Sounding  Marks. — This  is  the  usual  method  of  €xing  sounding 
marks  and  coast-line  marks* 

There  are  then  first  the  main  ^,  the  three  angles  of  which 
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are  observed,  if  practicable,  and  the  positioQB  plotted  with  all 
possible  accuracy;  then  the  secondary  stations,  Q,  placed  on 
prominent  points  of  land,  or  where  the  best  view  is  obtained  to 
fix  other  marks,  usually  '  shot  up '  from  main  A  s^d  plotted  to  the 
nearest  minute ;  then  the  coast-line  and  sounding  marks  '  fixed,'  in 
the  manner  shown  above  by  '  calculated '  angles  (see  p.  224). 

Then  follow  '  fixes '  as  for  soundings,  and  these  are  illustrated 
by  fixes  7  to  11,  using  a  station  pointer. 

Fix  12  is  a  fix  at  anchor,  when  the  angles  are  projected  on 
tracing-paper,  and  the  lines  so  projected  made  to  cover  each 
point  mentioned. 

The  coast-line  '  fixes '  are  station  pointer  fixes. 

416.  Example  2.  —  Of  a  small  triangulation  unng  a  boM 
measured  on  shore  (see  fig.  138). 

In  the  survey  of  a  harbour,  a  base  of  2107  feet  has  been 

4 


Fio.  138. 

tneasured  on  a  sandy  beach  (fig.  138). 
following  angles  were  observed : — 

Crest 
£.  base 
W.  base     . 


In  triangle  CEW  the 

IV&ff 

62   10 

106  00 


In  triangle  C  E  W,  £  to  W  being  2107  feet,  calculate  the  length 
of  W.  base  to  Crest. 

This  vfUl  he  the  plotting  side.  The  scale  adopted  is  3*8  inches 
~  1  mile »  6058  feet,  from  which  is  deduced  the  length  in  i/nches 
of  the  plotting  side.  The  true  bearing  of  Crest  from  W.  base  is 
N.  73'  06'  W.,  and  the  variation  found  to  be  17'  55'  W. 

These  data  will  give  the  direction  of  the  true  and  magnetic 
meridians,  and  they  are  projected  through  W.  base. 


At  Crest  A  •  At  Key  A  • 

W.  base  16' 10' Key  Flag  52' 48' W.  base 

Flag       51    40    „  Rock  61    32         „ 
Rock  <^  Flag 

The  position  of  West  base  A  &iid  Crest  A  having  been  laid 


Angles  at  W.  base  A  • 
Crest  66'  32'  Flag 
Key    82   18    „ 
Rock  16   36    „ 
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Hue 


Trie  A 


z^N.E 


down  on  the  paper,  the  above  angles  are  projected  from  them,  and 
the  remaining  A  fixed. 

Crest  A  is  the  summit  of  a  small  hillock ;  the  coast  from  thence 
to  Key  A  is  fringed  with  mangroves ;  from  Key  to  W.  base  it  is 
cliffy ;  and  beyond  the  sandy  beach  from  W.  to  E.  base  to  Flag  the 
coast  is  steep :  the  abbreviations  are  inserted  as  in  figure. 

It  will  be  observed  that  E.  base  A  takes  no  part  in  the 
triangulation,  though,  if  fixed  by  angles  from  Crest  and  West 
and  the  measured  distance  2107  feet,  it  may  be  useful  as  a 
secondary  station,  or  a«  a  mark. 

416.  Example  3. — 0/  a  small  tri- 
angulation using  a  base  by  mast-head 
angle  (fig.  139)  for  the  purpose  of 
illustrating  when  a  measured  base 
will  also  be  the  plotting  side. 

From  Hut  A»  S.W.  A  is  ^  ship, 
and  bore  S.  41*  31'  W.  (true). 

At  Hut  A  and  S.W.  A>  angles  are 
taken  simultaneously  of  the  ship's 
mast-head — 140  feet— to  a  water-line 
mark  which  is  <^  the  mast. 

At  Hut  A,  readings  3**  19'  10"  on, 

3"*  15'  20"  oflF. 
At  S.W.  A,  readings  2'  15'  40"  on, 

2"  15'00"oflF. 
Ship's  head  was  south  (true) ;  ship's  beam,  45  feet. 

45 
Half  the  beam,  —  feet,  resolved  into  the  direction  of  observa- 

Jj 

45 
tion,  t.c.  41*  with  the  direction  of  the  ship's  head,  =  —  .  cosec  41* 

=  34-6  feet. 

This  34*6  feet  is  the  horizontal  distance  from  the  centre  of 
the  mast  to  the  mark  on  the  ship's  side  used  for  observation. 

Referring  to  par.  340,  and  fig.  112,  c : 

ON  =  OM.tan  elev.  (here  OM  =  34-6  feet); 

.-.  perpendicular  N  S  from  S.W.  A  =  140  -  (0  M .  tan  3*  17'  15") 

=  140 -(34-6. -057) 
=  140-2  (nearly)  =  138  feet ; 

also  perpendicular  N  S  from  Hut  A  =  140  -  (34*6 .  tan  2*  15'  20") 

=  140 -(34-6. -04) 
=  140 -(1-4  =  138-6  feet). 

Then  dist.  of  S.W.  A  ^rom  ship's  side  =  138  .  cot  elev.  (3*  17'  15") 

=  2402 -5  feet; 

and  dist.  of  Hut  A  from  ship's  side  =  138*6 .  cot  elev.  (2*  15'  20") 

=  3518-9  feet. 


Fig.  189. 


TBIANGULATION   AND  PLOTTING.  207 

Parallax  is  neglected  in  both  sets  of  angles,  and  since  the  distance 
of  the  mast  to  the  mark  on  the  ship's  side,  to  where  the  elevations 
were  observed,  is  34*6  feet  in  both  cases,  then  the  total  distances 
in  feet  between  S.W.  ^  and  Hut  A 

=  2402-5  +  3518-9  +  34-6  +  34-6 
=  5990-6  feet. 

The  scale  adopted  is  4  inches  =  1  mile,  which  in  the  latitude 
of  the  place  =  6084  feet 

If  6084  =  4  inches,  how  many  inches  will  represent  5990  feet  ? 
=  3-942. 

Consider  the  sides  of  the  paper  to  be  roughly  true  N.  and  S., 
and  draw  a  line,  in  the  direction  N.  41**  E.  roughly,  from  one  end  of 
the  paper  to  the  other.  Assume  Hut  A  to  be  a  point  on  this  line 
near  about  the  centre  of  the  paper ;  3*942  inches  from  Hut  A> 
measured  along  the  line  drawn,  will  be  the  position  of  S.W.  A- 
Hut  /^  to  S.W,  /^  is  the  plotting  side. 

An  angle  of  41°  31',  projected  by  chords  at  Hut  A  to  the  left 
of  the  plotting  side,  gives  the  direction  of  the  true  meridian 
through  Hut  A* 

Angles  taken  at  Hnt  A .         Angles  at  S.W.  A  •  Angles  at  Tree. 

S.W.  A  44''  Tree  Hut  15''  N.E.  N.E.  68*  38'  S.W. 

N.E.  A  84'*     „  Tree  55"    „ 

At  Hut  A>  Tree  will  be  44"  to  the  right  of  S.W. ;  if  this  angle 
is  laid  ofif  (by  chords),  the  line  projected  will  be  the  direction  of 
the  Tree. 

Since  Tree  is  44*  to  the  right  of  S.W.,  and  N.E.  is  84"  to  the 
left  of  Tree,  evidently  N.E.  must  be  40"  to  the  left  of  S. W.,  and 
this  angle  laid  ofif  by  chords  will  give  the  direction  of  N.E. 

The  same  process  is  carried  on  at  S.W.  Aj  the  lines  projecting 
giving  the  direction  of  N.E.  and  Tree. 

The  intersection  of  the  Tree  line  from  Hut  and  from  S.W.  will 
give  the  position  of  tree,  and  the  intersection  of  the  N.E.  lines 
gives  the  position  of  N.E. 

417.  An  example  here  follows  of  a  survey  which  loas  carried  out 
by  an  amatev/r ;  the  data  on  which  it  vkls  constructed  were  so  in- 
complete,  that  the  work  was  useless. 

It  was  desired  to  survey,  and  to  sound  out,  the  anchorage  (see 
fig.  140).  There  was  a  pier  a  6  oflF  the  point  near  the  village, 
which  suggested  itself  as  a  suitable  place  along  which  to  measure 
a  base.     So  a  base  was  measured  between  a  and  b, 

C,  D,  E  were  well-defined  natural  objects :  E  a  church  steeple, 
D  a  conspicuous  tree  at  the  end  of  the  point,  and  C  the  white- 
washed comer  of  a  building. 

There    was    probably    the    usual    difi&culty  of    securing  the 
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necessary  boat  and  ^ hands ' ;  and — to  save  timeabd  trouble ! — it 
was  deemed  sufficient  to  take  only  the  angles  at  leach  end  of  the 
pier,  to  C,  D,  and  £.  These,  according  to  all  the  rules  of  plane 
trigonometry,  were  sufficient  to  plot  C,  D,  and  E  (see  fig.  141), 
and  they  were  plotted  accordingly  from  the  length  a  b. 

Undoubtedly  the  lines  from  a  and  b  intersected  somewhere ;  and 
C,  D,  and  £  were  considered  '  fixed/    With  these  fixed  marks  the 
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harbour  was  soimded  out:  but  the  work  was  useless.  Putting 
aside  errors  of  plotting  into  the  ridiculously  small  receiving  angles 
at  C,  D,  and  £,  and  also,  for  a  moment,  the  small  error  of  obser- 
vation ;  it  is  noticeable  that  there  was  nothing  to  indicate  that 
either  of  the  angles  at  a  and  at  b  was  correct ;  for,  after  all,  most 
of  us  at  some  time  or  another  read  ofif  an  angle  perhaps  10*"  wrong. 


The  only  possible  check  to  the  angles  taken  at  a  and  6,  is  the 
third  angle  of  each  triangle.  Had  the  surveyor  gone  to  D, 
observed  the  angle  a  D  6,  and  then  found  that  the  three  angles 
of  the  A  aD  6  did  not  make  180**  or  anything  near  it,  he  must 
have  known  there  was  an  error  somewhere ;  even  if  they  nearly 
approached  ISO*",  they  still  required  correcting  so  that  their  sum 
shall  s  180*"  (see  Correcting  Triangleiy  p.  228).  The  same  remark 
applies  to  the  triangle  aCb;  but,  since  £  is  a  church  steeple, 
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the  third  angle  of  that  triangle  oould  not  be  taken,  but  other 
means  are  found  to  check  this  position — see  further  on. 

Without  the  third  angle,  there  still  remain  the  errors  of  obser- 
vation to  be  dealt  with,  that  is,  the  amount  of  the  error  applied  to 
each  angle  in  the  '  cooking ' 
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of  the  complete  triangl 
a  matter  of  perhaps  5'. 

Obviously,  if  a  line  is  pro- 
jected from  a  or  6,  and  there 
is  a  small  error  in  either  the 
a  or  the  h  angle  of  say  ±  5', 
C  and  D  will  be  plotted  a 
considerable  distance  in 
error  from  their  true  posi- 
tion. 

There  is,  besides  this,  the 
error  in  plotting,  and  the 
indeterminate  position  of 
the  cut  of  the  lines. 

Instead  of  the  line  a  6, 
D  to  6  should  have  been 
the   plotting  side:    it   was 

quite  right  to  measure  a  6  as  a  base  if  that  was  the  greatest 
length  obtainable.  Then,  having  observed  ail  three  angles  of 
the  triangle  Da 6,  and  coaxed  them  to  make  180*",  the  length  of 
D  h  could  have  been  calculated  by  plane  trigonometry  (also  see 
Example,  p.  205,  par.  415).  C  could  then  have  been  plotted  from 
side  D  b  with  angles  C  6  D  and  C  D  6. 

If  both  the  angles  from  D  and  b  are  plotted  with  the  same 
amount  of  error  but  of  opposite  signs,  by  which  a  position  C  is 
determined  (see  fig.  142),  and  the  angle  at  C  between  D  and  6, 
remains  the  same  as  that  at  C,  then  C  and  C  may  possibly  be 
anywhere  along  the  circumference  of  a  circle  going  through 
C,  C,  D,  and  b  (see  fig.  142).  So  that  the  third  angle  of  the 
triangle  D  6  C,  if  plotted  from  C',  through  D  or  b,  would  not  check 
the  accuracy  of  plotting  for  either  the  angles  D  or  6. 

In  the  accompanying  figure  the  hard  line  shows  the  correct  lines, 
while  the  dotted  lines  are  those  projected. 

By  the  same  argument  it  may  be  possible  to  plot  E  in  error, 
giving  a  position  £'  from  the  line  D  6,  so  that  by  coincidence  its 
angle,  that  is  D  £  6  »  D  £'  6,  is  unaffected.  But  it  would  be  a  very 
eztraordiQary  coincidence,  if  the  third  check  line,  projected  from 
C  to  E,  should  be  also  laid  off  in  error;  shown  as  C  to  £'  in 
figure,  making  C  E  6  equal  to  C  £'  b.  If,  therefore,  the  angle 
at  E  ('  calculated  'in  A  C  6  E)  is  also  projected  through  to  C, 
such  errors  of  plotting  as  described  would  be  discovered ;  but  it 
would  be  better  still  if  the  angles  at  £  are  observed. 

14 
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Trusting  to  luck  then,  since  E  is  inaccessible,  we  can  do  no 
better.  It  is  fixed  from  D  and  h ;  and  the  third  line,  projected  from 
C  to  E,  should  go  through  the  previously  plotted  position  of  £. 

In  this  case,  the  angles  should  be  taken  from  a  and  6,  the  ends 
of  the  base  a  h ;  and  from  C  and  D,  aJl  to  each  other.  Though 
some  of  the  angles  will  not  be  projected,  for  the  reason  given 
above,  they  shotild,  as  a  rule,  be  taken. 

In  the  survey  of  a  plan,  the  general  elementary  principles 
deduced  are : — 

418.  I.  For  a  plotting  side,  select  two  points,  one  at  or  near 
each  extremity  of  the  plan.  They  must  be  visible  from  each 
other,  and,  of  course,  be  accessible. 

How  to  obtain  its  length  is  explained  in  Chapter  I.,  Examples 
1,  2,  3,  pp.  198,  205,  206. 

For  its  true  bearing  see  p.  107,  Chapter  XV. 

2.  Select  another  accessible  point,  near  the  outside  limits  of  the 
plan,  and  visible  from  the  first  two ;  this,  when  plotted  from  them, 
will  have,  if  possible,  a  receiving  angle  between  90°  and  30**. 

3.  On  either  side  of  the  plotting  side,  select  a  fourth  point,  also 
accessible  if  possible,  visible  from  the  other  three,  and  yielding 
a  good  receiving  angle  when  plotted  from  the  ends  of  the  plotting 
side. 

410.  Positions  of  Main  A— Let  AB  (fig.  143)  be  the 
plotting  side;  trisect  it  in  x  and  y ;  with  centres  x  and  y  and 

distance    x  B,   describe 
C^ -^^F  ^^^  circles ;  they  inter- 

sect at  C  and  D.  With 
the  same  radius,  and 
with  centres  A  and  B, 
describe  the  small  arcs 
cutting  the  first  circles 
in  E,  F,  G,  H.  Then 
probably  all  these  points 
will  fulfil  the  best  con- 
ditions as  regards  main 
A  ;  and,  generally,  the 
Fia.  148.  nearer  they  are  to  these 

points,  the  better  are 
the  best  conditions,  as  regards  receiving  angles,  fulfilled.  Three 
A's  must  always  be  visible  from  each  other. 

These  first  points  constitute  the  primary  or  main  stations,  and 
since  all  other  stations  and  marks  depend  upon  them,  they  are 
bound  to  be  most  accurately  fixed. 

The  more  main  stations  there  are,  the  larger  will  be  the 
number  of  angles,  and  the  greater  the  liability  to  errors  of 
observation  and  plotting ;  the  fewer  there  are  the  better.  As  the 
area  of  an  equilateral  triangle  is  greater  than  that  of  any  other 
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triangle,  the  sum  of  the  sides  being  equal,   consequently  the 
more  often  this  shape  is  apprcftiched  the  better. 
420.  Direction  of  'Oheck'  Liines. — ^As  regards  receiving 


angles  and  ^  cuts ' :  The  distances  of  the  points  from  which  the 
lines  are  projected  being  equals  two  lines  at  right  angles,  shown  by 
hard  lines  in  fig.  144  (a),  while  the  check  (dotted)  lines  make  an  angle 
of  45*"  with  either,  are  the  best  possible  for  an  error  of  observation. 
Otherwise,  if  the  receiving  angle  is  between  30*  and  60*  (fig.  c), 
then  the  third  line  should  cut  either  of  the  other  two  at  90*. 


Fio.  144. 

If  two  lines  cut  each  other  at  an  angle  between  60*  and  90* 
(fig.  6),  an  angle  of  half  the  value,  from  either  line,  gives  the 
best  check. 

There  is  always,  however,  the  consideration  of  the  length  of  the 
line  to  be  taken  into  account  (see  Errors  of  Position  for  Errors  of 
Observation,  p.  76).  A  receiving  angle  of  30*  from  a  distance  d 
gives  the  same  results  as  one  of  90*  at  a  distance  2d, 

421.  DiBtribation  of  Trian£^ulation  into  'Primary,' 
'Secondary,'  and  ' Ck>aBt-line.' — The  general  idea  that  lies 
uppermost,  is  a  system  of  triangles,  embracing  the  outside  limits. 
From  the  points  obtained,  secondary  triangles,  within  the  first,  are 
plotted  to  prominent  parts  of  the  coast ;  and  within  these  again, 
a  number  of  sounding  marks,  serving  the  twofold  purpose  of 
fixing  the  coast  between  the  secondary  marks,  and  as  marks  for 
station  pointer  fixing  when  the  sotmdings  and  details  of  the 
coast  are  filled  in. 

422.  Plotting  '  Inwards '  and  '  Outwcurds.' — The  outer  or 
larger  triangles  are  taken  first ;  because  plotting  inwards,  as  it  is 
called,  or  plotting  the  inner  marks  from  the  outer,  relieves  the 
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errors  of  the  fixed  position ;  whereas  working  the  other  way  would 
increase  the  errors  already  existing  in  the  points  first  plotted. 

423.  When  the  instruction  is  given  to  select  two  points,  etc., 
the  position  for  two  points  is  meant ;  because  it  is  rarely,  if  ever, 
that  nature,  or  the  modem  builder,  provides  two  marks  well  adapted 
for  taking  angles  from,  and  also  serving  as  a  good  mark ;  though 
a  Druid's  monolith  whitewashed,  or  a  built-up  cairn  with  standing- 
room  for  a  theodolite  or  a  man  with  a  sextant  on  the  top,  would 
be  the  perfection  of  a  natural  mark  for  a  surveyor. 

MarkB. — But,  generally,  marks  have  to  be  erected  for  main 
stations.  The  best  and  simplest  form  of  mark  is  the  tripod,  or 
multipod,  constructed  like  an  Indian's  wigwam,  with  any  number 
of  branches  or  poles  or  legs.  After  all  the  angles  have  been  taken, 
then  the  tripod  is  erected  over  the  spot,  big  enough,  and  leaving 
room  inside  without  demolishing  it,  for  a  return  visit  if  it  should 
be  found  necessary.  With  a  dark  background,  if  surrounded  by 
some  whitewashed  canvas,  it  will  show  up  splendidly.  If  on  the 
skyline,  and  the  inside  space  is  filled  in  with  brushwood,  it  can  be 
seen  from  a  distance  of  miles  around. 

424.  Marking  Secondary  A- — A  similar  mark  may  be 
erected  for  secondary  stations,  but  all  depends  upon  the  general 
tone  of  the  survey,  the  distances  apart,  the  scale,  the  accuracy 
aimed  at,  and  the  particular  part  the  secondary  station  plays. 
Generally,  a  secondary  station  should  have  a  good  all-round  view, 
more  especially  into  bights  and  bays,  where  probably  coast-line 
marks  will  be  required,  and  who  in  their  turn  will  requisition  the 
secondary  station  to  fix  by. 

425.  Coast-line  Marks.  —  For  the  remainder,  when  no 
natural  marks  exist,  something  must  be  added  to  nature,  such  as 
a  heap  of  stones,  a  whitewashed  rock,  etc. 

Flags  have  the  happy  knack  of  blowing  out  either  directly  from, 
or  towards,  the  very  person  who  must  see  them  to  enable  him  to  fix 
his  position ;  or  they  persistently  wind  themselves  round  the  staff ; 
under  either  condition  they  are  exasperating. 

When,  however,  a  staff  with  a  flag  on  it  can  be  of  any  use,  it 
is  at  the  end  of  a  base  while  being  measured.  The  same  plan  is 
convenient,  though  aggravating,  for  re-marking  a  surveyed 
harbour,  in  order  to  distinguish  the  particular  mark  while  the 
operator  is  fixing  additional  soundings  or  otherwise  amending 
the  chart ;  its  use  on  that  occasion  would  only  extend  over  a  few 
hours.  Colours,  black  and  white  perpendicular,  black  nearest  the 
staff,  will  be  found  best ;  as  then,  when  blowing  out,  the  white 
flickers  and  catches  the  eye. 

Every  mark  for  coa8t4ine  purposes  should  be  erected  at 
H.W.S. ;  the  additional  ones  for  sounding,  are,  for  convenience, 
usually  erected  at  a  similar  height. 

Natural  objects  as  marks  will,  of  course,  be  either  in  the  desired 
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place,  or  will  be  additional  and  subsidiary  to  coast  marks.  For 
example,  a  conspicuous  bathing  machine,  pulled  up  to  the  H.W. 
mark,  will,  in  that  situation,  be  a  splendid  mark.  A  coastguard 
flag-staff,  when  at  high-water  mark,  is  also  quite  what  one  wants ; 
so  will  a  wreck  be,  that  has  the  mast  standing  that  is  nearest  the 
beach;  a  conspicuous  tree  on  the  beach,  decorated  with  white- 
washed canvas,  is  easily  'picked  up';  but  the  canvas  may  be 
stolen. 

A  bush  on  the  beach,  decorated  with  a  piece  of  white  canvas, 
serves  well ;  and  in  mangroves,  a  staff  or  stick  tied  to  a  branch,  so 
that  its  attached  pendant  reaches  over  the  water,  not  only  dis- 
tinguishes it  well,  but  the  observer  can  get  luider  it  and  take  his 
angles.  A  whitewashed  stone  or  heap  of  stones,  is  indestructible 
by  storm  or  tempest,  and  may  therefore  be  trusted  to  '  stand  up.' 

Further  inland,  for  fixing  purposes,  many  natural  and  distinctive- 
looking  objects  serve  as  marks. 

The  centre  of  a  haystack,  the  door  of  a  barn,  a  farm-house, 
a  chimney,  church  steeples,  factory  chimneys,  clock  towers,  an 
isolated  red  or  whitewashed  house,  windmills,  etc.,  are  all  inacces- 
sible for  taking  angles  from,  but  may  be  fixed  by  taking  direct 
angles  to  them  from  three  or  more  fixed  marks. 

But  in  the  case  of  the  H.W.  line  marks,  they  are  usually  fixed 
by  a  combination  of  one  distant  shot,  and  two  or  more  angles 
calculated  from  secondary  stations;  hence  the  necessity  for  the 
secondary  A  being  visible  (see  par.  424). 

426.  The  Person  Erecting  a  Coast  Mark  must  take 
Suitable  Angles  himself,  to  Fix  it. — But  as  each  mark  is 
erected,  it  must  be  known  how  exactly  the  erector  is  going  to  fix 
it ;  and  he  cannot  depend  on  his  vis-a^,  perhaps  on  the  opposite 
shore,  to  wait  and  watch  for  him,  and  to  shoot  him  up,  because 
he  himself  is  occupied  with  his  own  afiairs. 

427.  Distance  Apaii}  of  Marks. — Generally,  the  coast  should 
have  marks,  natural  or  artificial,  including  secondary  stations  1^ 
inches  of  paper  apart;  thus  for  a  plan  of  6  inches  to  the  mile 
they  would  be  ^  mile  apart,  that  is  1^  inches  measured  on  the 
chart ;  and  their  position  must  be  such,  that  they  will  serve  both 
as  a  secondary  station,  and  for  fixing  purposes  from  a  boat,  from 
the  shore,  or  in  fact  from  any  part  of  the  survey. 

428.  Angles  taken  at  Marks. — It  must  be  borne  in  mind 
that  at  none  of  the  natural  marks  is  the  observer  at  the  centre  of 
the  mark  when  he  fixes  it,  and  that  in  such  cases  he  fixes  himself 
at  a  false  station. 

Now  when  taking  sextant  angles  at  any  time,  it  is  from  a  false 
station  (as  explained  in  Chapter  I.,  p.  3),  though  the  error 'in 
doing  so,  when  the  index  glass  is  over  the  spot,  is  very  small.  But 
when  the  observer  stands  a  number  of  feet  from  the  mark,  he  is 
deliberately  making  a  false  station.     In  a  sextant  survey,  or  in 
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fixing  soundiDg  marks,  it  is  almost  aooumte  enough  for  all 
practical  purposes,  if  he  measures  the  small  distance  he  is  off  the 
centre,  or  as  near  as  he  can  get  to  it,  and  from  the  measurement 
and  direction  makes  the  prick  mark  as  near  the  centre  as  he  can 
judge:  such  an  example  would  happen  in  the  case  of  a  tree 
being  the  object  fixed.  But  in  laying  off  his  angles  to  project 
other  lines,  he  must  use  the  false  station. 

429.  False  or  Satellite^- — In  the  secondary  stations  which 
are  erected,  he  first  stands  over  the  right  spot,  and  then  erects 
the  mark  over  where  he  stood ;  but  if  that  station  has  to  be  visited 
again,  it  might  be  inconvenient  to  have  to  move  a  substantially 

A 


Fig.  145. 

made  mark ;  in  such  a  case,  greater  accuracy  is  required,  since 
other  angles  have  to  be  projected  from  the  true  station. 

In  this  case  he  observes  at  a  false  station,  and  corrects  his 
angles  to  their  true  value,  for  the  centre  of  the  true  station. 

Take  the  simplest  case.  In  fig.  145,  0  is  the  true  station,  and 
O'  the  false ;  0  A  is  the  zero  line.  In  this  case  the  false  station 
is  made  directly  in  that  line.  AO'B  is  the  observed  angle;, 
suppose  it  to  be  60**,  while  A  O  B  is  the  angle  required. 

AO'B«AOB  +  OBO';  therefore  OBO'b  the  correction  re- 
quired. 0  0'  is  by  supposition  a  short  distance  as  compared  to 
O  B  or  0'  B ;  and  O  x,  drawn  perpendicular  to  B  0'  ar,  represents 
the  maximum  perpendicular  distance  subtended  by  an  angle  OBz; 
Oo: »  O  O' .  sin  0  0'  X  =  0  0'  sin  A  O'  B,  the  observed  angle.  From 
the  traverse  table  {Innum's  TcUdes),  5  feet  in  the  upper  column: 
and  an  angle  of  60*  gives  2*5  and  4*3. 

These  values  are  those  of  the  sides  opposite  the  angles  of  a  right- 
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angled  triangle,  the  greater  aide  being  opposite  the  greater  angle. 

Therefore  the  side  opposite  the  greater  angle  »  4*3. 

The  next  question  is,  What  angle  does  4  feet  (near  enough) 

subtend  at  a  distance  equal  to  O'B  or  OB;  OB;r  being  small 

Ox 

Qg  =  tan  or  sin  0  Rr.    This  may  be  calculated  from  the  logarithm 

tables.  But,  by  referring  to  the  table  in  the  Appendix,  the  angle 
can  be  taken  out  by  inspection,  and  is  the  amount  of  the  correc- 
tion required,  in  this  case,  -  to  the  observed  reading  A  O'  B ;  if  O' 
is  on  the  other  side  of  0,  then  the  correction  would  be  + .  Above 
180^  the  sign  is  reversed. 

A 


Fio.  146. 

B  is  only  a  single  angle  taken  from  0' ;  but  if  there  are  any 
more,  each  would  have  to  be  corrected. 

Secondly,  when  the  position  0'  is  not  on  the  line  0  A,  but  at  0', 
as  shown  in  fig.  1 46,  then  the  correction  to  A  0'  B  ==  0  A  0'  +  O  B  0', 
or  the  angle  at  A  subtended  by  Oy  wangle  at  B  subtended  by 
the  perpendicular  distance  O  x. 

From  A  the  perpendicular  distance  is  O  Y,  and  it  is  0  X  from  B. 
In  this  case  O  X  »  O  0^  sin  0  O^  X.     O  0^  is  measured,  and  angle 

A 0*0  observed.     Suppose  the  -^  is  A;  sm  00iX  =  sin  180* 

-  A  0^  O  (measured  to  the  right)  -  A  0^  B=  sin  180*  -  (reading  to 
O  f^  reading  to  B),  ue,  the  sin  ISO** -difference  between  the 
readings  to  B  and  0. 

If  the  reading  to  0  is  >  that  to  B,  the  correction  is  -  ;  for 
obviously  reading  A  0^  B  is  >  A  0  B. 

Take  out  the  value  of  O  X  from  traverse  table,  and  proceed  as 
before ;  find  the  angle  subtended  by  0  X  from  Appendix,  and  do 
the  same  for  OY;    subtract  each  from  the  reading  observed 
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A  O'  B.     It  is  always  safest  to  draw  the  figure  before  applying  the 
signs  +   or    -  1  and  it  suggests  itself,  that  to  save  calculation 


the  false  A  should,  if  possible,  be  made  oa  the  line  0  A  or  0  A 
produced,  A  being  the  ^, 
Example. — At  false  0' — 

-^  A  360°  00'      distance  3     miles 
B    31    10  „        1-4     „ 

C  120   63  „         23     „ 

D220    12  „         21     „ 

E322   06  „         2-9     „ 

Distance  to  mark,  10  feet :  angle  to  mark,  340°. 
Required  Uie  readings  at  O  A- 
1.  In  A  YOO'— 

Y  00' =  {360'' -240*)  =  120°, 
and  001  =  10  feet) 

OiY  =  OOi  .sin  YOO' 

=  87  feet  (traverse  table  or  natural  sine  table). 
.'.  angle  subteoded  at  A  by  8'7  feet  dist.  3  mileB=r  46"  (see 
table.  Appendix  X.). 
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2.  In  A  XOOi— 

XOOi  =  (240'-3r)  =  209^ 
001  =  10  feet; 
0iX  =  00i.BmX00i 

=  4*8  feet  (traverse  table  or  natural  sine  table). 
.*.  angle  at  B  subtended  by  4*8  f6et  at  1*4  miles  =  2'. 

3.  In  A  XI 0  01,  01 XI  =  O  01 .  sin  Oi  O  X(240'  -  120*)i  =  120* 

=  8-7  feet. 
.'.  augle  at  0  subtended  by  8*7  feet  at  2'3  miles  =  2|'. 

4.  In  A  0  01  X>,  0  X«  =  0  01 .  sin  O  Oi  X>(240'  -  220')  «  20*^ 

=  3-4  feet. 
.*.  angle  at  D  subtended  by  3*4  feet  at  2*1  miles  =  T. 

5.  In  A  0  01 X8,  0  X»  =  0  01  sin  .  (322'*  -  240'*) «  82** 

=  9-9  feet. 
.'.  angle  at  £  subtended  by  9*9  feet  at  2*9  miles  «  2'  nearly. 
TocorrectthereadingA0iB:AOB  =  A0iB-A  +  B 

3ri0'-lf  +  2'  =   31*10' 
AOiC:AOC=AOiC-A-C 

120"  53' -  If  -  2J' =  120U9' 
AOiD:AOD  =  AOiD-A-D 

220*  12'- If -r  =220' 09' 
AOiE:AOE=AOiE-A  +  E 

322' 06' -If +2'   =322' 06' 

From  which  is  deduced : — Take  the  difiference  between  the 
observed  reading  and  the  reading  to  the  true  A  »  ^i^^  this  angle, 
and  the  distance  ofif  the  true  A  ^^  the  corresponding  per- 
pendicular length  from  the  traverse  table  or  from  natural  sine 
table,  where  perp.  =  dist.  sin  angle ;  and  with  this  length  find 
the  angle  it  subtends  at  the  distance  of  each  object  observed, 
from  the  table  in  the  Appendix.  This  will  be  the  correction  to 
be  applied. 

The  safest  method  of  applying  the  right  signs  is  to  draw  a 
figure.  When  Oi  lies  between  the  objects,  such  as  between  A  and 
C,  or  A  and  D,  as  in  the  above  figure,  the  proper  sign  is  obviously 
-  in  the  first,  and  +  in  the  second,  to  the  angle  A  Oi  D,  but  -  to 
the  '  reading '  to  D.  In  the  other  case  it  is  not  so  evident,  but 
it  follows  the  law  :    ±  A  and  +  B,  or  +  E. 


}9  Jf 
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CHAPTER  11. 

SBXTANT  ANGLB  SURVBY. 

430.  The  following  is  an  example  of  the  work  of  one  man  for 
one  day,  with  a  boat  and  crew  at  his  disposal :  it  is  a  practical 
illustration,  introducing  all  that  has  been  explained  in  Chapter  I. 

Pla/n  of  Sucker^i  Cove, 

A  Sextant  Angle  Survey. 

Single-handed  ;  time  occupied  2  days,  Q  3.8.08. 

A  rough  shetch  is  made  of  the  coye  (fig.  148). 


w^J^ycirrr 


Fio.  148. 

It  is  decided  to  use  N.  Sand  to  B  for  a  plotting  side. 

The  chief  of  the  survey  lands  at  the  pier,  and  decides  to 
measure  a  base  on  it,  to  enable  him  to  find  the  length  of  B  N. 

The  boat's  crew  are  sent  round  the  coast  to  mark  it.  N.  Point 
is  on  a  small  rise,  where  they  cut  a  number  of  sticks  and  make  a 
multipod,  filling  in  the  space  with  brushwood.  At  S.  Point  they 
tie  a  piece  of  canvas  round  a  tree  and  whitewash  it ;  at  B,  in  the 
mangroves,  they  tie  a  stick  on  to  one  of  the  mangroves  to  extend 
the  branch  outwards,  and  tie  a  piece  of  white  calico  to  it. 

At  A  they  collect  a  lot  of  stones  and  make  a  small  cairn,  and 
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whitewash  it.  Galling  for  the  chief  operator  at  the  pier,  they 
all  proceed  to  the  North  Sand,  and  there  make  a  tripod  out  of 
spare  oars,  and  fasten  a  piece  of  whitewashed  canvas  on  the  front ; 
here  the  background  is  trees. 

With  a  landing  compass,  a  magnetic  bearing  of  B  is  takeii  from 
N.  Sand,  reading  S.  24°  30'  W. ;  the  variation  is  accepted  from  the 
published  chart  as  lO"*  E. 

The  scale  is  to  be  6  inches  =a  1  mile  =  6075  feet  in  that  latitude. 

Angles  taken  at  W  end  of  Pier — the  west  end  of  the  base. 

N.S.  119°  50'  Cliff;  B  9r  30'  N.S. 

Cliff  148*  36'  B.     This  angle  had  to  be  taken  in  two  bits. 

At  Cliff  (the  other  end  of  the  base) — 

W  55*  35'  N.S. ;  B  30*  13'  W. 
The  base  from  W  to  Cliff  measured  270  feet. 


At  N.  Sand  (1). 

At  B  (2). 

Peak           26  05  B  23  10  S.  Pt. 
A                45  30       47  30  N.  Pt. 
W.  Pier       60  00 
Cliff            64  29 
Vill.  tree     77  15 
Village      112  30 

S.Pt.    82'50'N.S.    9l6^Vmage 
N.  Pt.  42  40          22  50-^Vill.  tree 
Mill      17  30          28  30      W.  Pier 

29  59      Cliff 
59  10     A 
A  32  20     Peak 

Elevation  of  Peak  to  shore  horizon,  2*  53' ;  height  of  eje,  5  feet. 
From  the  above,  the  following  complete  triangles  are  picked  out 
(for  their  adjustment  and  correction  for  parallax,  see  p.  227) : 


(1)  NOW. 

N.S.  4'*  30' 
Cliff  55  40 
W     119    50 

180    00 


(2)  NEW. 

N.S.  60*  00' 
B  28  30 
W        91    30 


(8)  C  B  W. 

Cliff  30*  or 

B  1    29 

W      148    30 


180    00 


180    00 


Angles  taken  at  A  (8). 

N.  Pt.  36""  20'  N.S.  12'  lO'^Village 

B         75    20  16    00      W 

Mill     10    20  20    20 -►Village  4»  Cliff 

431.  Making  a  False  A* — From  A,  S.  Point  was  not  visible, 
and  a  false  station  had  to  be  made  20  feet  in  the  direction  of  N.S. ; 
S.  Point  62*  10'  N.S.  All  the  above  angles  are  taken  with  an 
ordinary  sextant:  that  is  to  say,  not  a  first-class  observing  sextant 
nor  a  sounding  sextant,  but  the  instrument  that  is  used  ordinarily 
for  sight-taking  at  sea. 
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After  adjusting  it  carefully,  it  is  preferable  to  remove  all  the 
index  error,  or  to  reduce  it  to  a  minimum. 

The  short  telescope  was  used  throughout;  and,  in  the  case 
of  the  overhanging  bough  from  the  mangrove  tree,  the  observer 
carefully  placed  himself  as  near  as  he  could  under  the  mark. 

After  fixing  a  number  of  points  along  the  coast,  the  H.W.  line 
was  sketched  in  between  them.  Each  place  was  marked  by  a 
daub  of  whitewash  on  a  few  stones  heaped  up. 


Fix  (1) 


N.S. 


103  50 


B 


88  20 


N.  Pt. 


to    N.   Pt.    rocky 
coast. 


(2) 


N.S. 

115  53 

B 

95  30 

S.  Pt. 

S.Pt. 

22  30 

Fix(l) 

to  Fix  (1)  shingly 

beach, 
to  N.  Sand  shingle. 


(3) 


A 

47  10 

B 

45  18 

N.  Pt. 

S.  Pt. 

44  30 
25  15 

Fix  (2) 
Fix  (1) 

to  N.  Sand  sand, 
to  Cliff  sand. 


W 


B 


79  40 


N.S.  </»  W.  Pier 


to  Cliff  is  cliffy,  about 

50  feet  high, 
to  A  is  cliffy. 


(5) 

aman> 
groTetree. 

AtB   . 


B 


93  55 


N.S. 


75  20 


N.Pt. 

1130 

Fix.  1 

}) 

33  50 

„     2 

)) 

59  05 

„     3 

1) 

82  55 

„     -i 

)} 

107  10 

„     5 

mangrove     to     A 
and  B. 


Fix  (6) 


N.Pt. 

39  50 

N.S. 

)> 

69  20 

Cliff 

J) 

93  50 

A 

S.Pt. 

48  10 

N.Pt. 

to  S.  Pt.  low  rocky  coast, 
to  B  low  rocky  coast. 


Fixes  1,  2,  and  3  must  be  fixed  by  '  calculated '  angles. 
Fixes  4  and  5  must  be  fixed  by  station  pointer. 
Fix  6  must  be  fixed  by  tracing-paper. 

Later  the  Cove  was  sounded  out;  the  tide-pole  being  nailed 
to  the  pier. 


SX7RVBY  SINOLE-HANBED — DETAILED. 


221 


432.  Sketohes  for  Topography.— The  following  sketches 
were  made,  to  fix  the  summits : — 

A.  At  South  Point. 


10940 

I 


Oft  7n     W  30 
9620         ,        7500 


^Peak 


10250 
B.  At  Ship.    N.8.  62*  80*  Cliff  117*  80'  B. 


6300 


16-30 


74-50 


Peak 


71-50 


C.  At  Boat.    N.  Pt  66^  00'  S.  Pt.    Cliff  61*  60'. 

^Peak 
74-20 
8520  ^^^       '     ^^'*^ 


Peak 


72-10 


Id  00      2310 


N.Pt 
Fio.  149. 


Method  of  plotting  the  above  example  (the  harbour  is  about 
2  miles  across)  : — 

Since  B  to  N.  Sand  is  the  plotting  side  chosen,  we  must  find  its 
proper  place  on  the  paper.  The  true  meridian  may  be  drawn 
through  either,  but  N.S.  is  the  proper  one. 

It  is  about  ^  of  the  width  of  the  plan  from  the  right  edge. 

Then,  leaving  room  for  any  details  to  the  right  of  it,  draw  the 
true  meridian  the  whole  length  of  the  paper,  roughly  parallel  to, 
and  about  3  inches  from,  the  right  edge. 

Label  it  with  :k. 

On  this  line,  the  position  allotted  to  N.S.  will  be  pricked  (see 
sketch,  p.  218) :  allowing  a  space  above  it  for  more  details,  and 
for  a  similar  space  south  of  B,  take  N.S.  about  i  of  the  way  down 
the  paper.     This  gives  the  position  of  one  end  of  the  line. 

Now  B  bears  from  N.S.  S.  2V  30'  W.  (Mag.)  =  S.  34'  30'  W. 
(true),  the  variation^being  10"  E. 
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N.S 


From  N.S.,  with  a  radius  of  say  5  incheb,  scratch  a  circle,  as  far 
as  the  paper  admits ;  on  this  circle,  and  measured  from  its  inter- 
section with  the  true  meridian,  chord  the  bearing  S.  34*"  30'  £. 
Join  N.S.  with  the  point  of  direction  so  found,  drawing  the  line 

from  one  end  of  the  paper  to 
the  other — B  is  somewhere  on 
this  line. 

As  to  the  length  of  N.S.  to  B  : 

In  A  NOW  (fig.  150), 

W  C  =  270  feet. 

N  =     4**  30' 

C=   55**  40' 

W  =  119'*30' 


See  pp.  219, 
227. 


Fio.  150. 


Then 

NW  =  WC.sinC.cosecN 

=  270 .  sin  55'  40'.  cosec  4'  30' 
=  2841-7  feet. 

In  A  NWB, 
N  W  is  found  =  2841-7  feet,  and 
since 

N  =  60'  00' 

W  =  9r  30'VSeep.  219. 
B  =  28"  30' 


Then  NB  =  NW.sin  W. cosec  B. 

=  2841-7  sin  91'  30'  cosec  28'  30' =  5953-4  feet. 

N  B  calculating  *  through  A  N  W  C '  =  59534  feet. 

If  all  the  angles  taken  were  quite  correct,  which  th^y  are  not,  then 
the  side  N  B,  calculated  through  WB  obtained  from  A  B  WC,  should 
give  the  same  result  as  before.     Then  calculating  through  W  B :  — 

In  A  BWC, 

W  C  =  270  feet 
B=     r  29' 
W=  148'  30'  V  See  pp.  219,  227. 


B=     r29') 
W=148'30'V 

c=  30' or) 


And 


WB=WCsinCcosecB 

=  270  sin  30' or  cosec  1' 29' 
=  5217-8  feet. 


In  A  BNW, 


WB  =  5474-2  feet 
N  =  60'00') 
W  =  91'30'ySeep.  219. 
B  =  28'  20' 
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Find  B  N. 

BN  =  BW.8m  W.cosecN 

=  5217-8  sin  91'  30'  cosec  60*  00' 
=  6009  feet. 

Now  there  are  two  yalues  for  BN:  *  through'  NW  it  =  5953 '4 
feet,  and  *  through'  BW  it  =  6009  feet.  The  mean  of  them  will 
be  accepted,  =  5981 '2  feet  (see  note,  p.  227). 

The  scale  adopted  is  6  inches  =  6075  feet,  therefore  5981*2  feet 

-T.;'.^^- 5-907  inches, 
6075 

Measure  this  length  along  the  line  N  B,  from  N ;  and  prick  the 
position  of  B. 

From  N,  and  from  B,  project,  by  chords,  all  the  main  angles ; 
but  not  such  an  angle  as  the  ^  or  — ►  of  the  village ;  these  can 
be  projected  by  the  edge  of  the  protractor,  if  the  protractor  is  of 
a  reasonable  size.    This  will  give  two  lines  through  all  the  positions. 

Then,  finally,  project  the  angles  from  A,  also  by  chords — and 
making  use  of  the  longest  zero  line,  that  is  the  longest  line  that 
has  already  been  plotted  through  A. 

There  is  a  complication  about  the  angle  to  South  Point,  on 
acooimt  of  the  false  station  ;  and  the  angle  taken  at  false  A  must 
be  reduced  to  the  true  station. 

433.  Oaloulating  Angle  firom  Fedse  A  without  Special 
Tables. — In  fig.  151,  A  is  the  true  station ;  A',  the  false  station. 
The  angle  observed  is  N  A' S,  and 
N  A  S  is  required. 

NA'S  =  NAS  +  ASA'. 

NAS  =  NA'S-ASA'. 

(A  S  A'  is  the  correction.) 

Draw  A'a?  perpendicular  to  S  A. 

Then,  in  the  right-angled 
A  A  A'x,  angle  x  being  the  right 
angle,  ^  A'  =  A  A'  sin  x  A  A  = 
A  A'  sin  N  A  S ;  and  since  the 
error  is  small,  N  A' S  is  practically  Fio.  151. 

=  NAS. 

From  the  traverse  table,  or  from  the  natural  sine  table,  with 
distance  A  A'  and  angle  NA'S,  find  A'x,  In  this  case  A  A'  is 
20  feet  and  N  A' S  62*.  A'x  =  20 .  sin  62'  =  20 .  -88.  .-.  A'a:  = 
17-7  feet. 

The  angle  of  correction  is  A  S  A',  and  the  value  of  it  is  the  angle 

subtended  by  the  perpendicular  A!x  (17*7  feet)  at  a  distance  AS 

or  A  S'.     To  calculate  it  without  special  tables : — 

A'x 

-^7o  =  sin  S.     The  traverse  table  does  not  deal  with  anything 
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less  than  1°,  and  is  not  suitable  for  this,  the  amount  being  too 
small. 


Since  A'Sal  mile  (approximately),  then 


k'x       18 


(nearly) 


A'S     6000 

=  '003.     Find  the  angle  whose  sine  is  '003  (see  nat.  sine  table, 
Inman's  Tables)  ;  and  A  S  A  =  10'. 

In  this  case  N  A  S  =  N  A'S  -  S,  and  the  measured  angle  is  too 
large;  therefore  the  angle  at  A  will  be  62'  10'-10'  =  62°  00'. 
Project  this  angle  from  A;  then  all  the  main  stations  are 
plotted  and  labelled  in  ink. 

Coast  Fixing. — The  observer  goes  to  fix  (1),  makes  his  mark, 
and  fixes  by  two  angles,  from  N.P.  to  B  and  from  B  to  N.S. 

Now  this  is  a  very  doubtful  station  pointer  *  fix ' ;  so  doubtful 
that  he  does  not  plot  it  with  station  pointers.  He  moves  on  to 
(2),  and  there  is  the  same  difficulty  there  with  regard  to  fixing 


marks ;  in  fact,  it  is  worse  than  (1).  At  (3)  he  finds  the  same 
bad  *  fixes,'  though  he  takes  the  angles. 

At  (4)  and  (5)  they  are  sufficiently  satisfactory,  and  these  are 
plotted  with  station  pointer. 

Having  walked  on  to  B,  he  now  takes  the  necessary  angles  to 
fix  (1),  (2),  and  (3),  by  calculated  angles. 

At  (1)  the  fix  was  N.S.  103"  50'  B  88°  20'  N.  Point.  Dealing 
with  the  right  angle  first. 

At  B,  N.P.  ir  30'  fix  (1).  Therefore,  in  fig.  152,  the  angle 
at  B  is  ir  30'.     Project  this  line. 

At  (1)  the  observed  angle  between  N.P.  and  B  is  88"  20'. 

Therefore  the  angle  at  N  =  180''-(88"  20' +  11°  30')  =  80*  10'. 
Project  the  angle  80*  10'  at  N,  from  the  line  N  B,  and  where  it 
cuts  the  line  projected  from  B,  will  be  the  position  of  (1). 

Now  dealing  with  the  left  angle  (see  fig.  153) : 
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Referring  to  the  main  triangulation ;  at  B,  N.P.  42*"  40'  N.S. 

and  since  at  B,  N.P.  11°  30'  fix  (1), 

then,  at  B,  fix  (1)  to  N.S.  =  42*  40'  -  IV  30' =  31'  10'. 

And  since  the  angle  at  fix  (1),  between  B  and  N.S.,  is  103*  50', 
then, 

the  calculated  amgle  at  N.S.,betweenB  and  fix(l),  =  180*  -  (103*  50' 

+  31*  10') 
=  45'  00'. 

At  N.S.,  from  the  line  N.S.  to  B,  project  the  angle  45'  00',  and 
this  line  should  intersect,  where  the  others  did  before,  at  fix  (1). 

This  is  fixing  by  calculated  angles ;  and,  as  previously  stated, 
every  one  must  select  and  fix  his  own  marks. 

The  edge  of  the  protractor  is  used  for  projecting  these  calcu- 
lated angles ;  and,  always  provided  the  main  or  secondary  points 
are  accurately  fixed,  there  will  be  no  'cocked  hats'  with  the 
subsidiary  marks  that  lie  *  within '  them.  Fix  (2)  and  fix  (3)  are 
plotted  in  an  exactly  similar  manner. 

Fixes  (4)  and  (5)  need  no  explanation ;  the  angles  are  placed 
on  the  legs  of  the  station  pointer,  applying  the  necessary  cor- 
rections for  the  errors  of  the  legs. 

Notice  that  at  each  fix,  the  last  fix  back  was  shot  up,  as  a 
check ;  and,  if  the  plotting  has  been  carefully  done,  there  will  be 
but  a  very  small  error  in  the  positions — too  small,  probably,  to 
affect  the  subsequent  operations  of  fixing  soimding  positions. 

Fix  (6)  was  fixed  by  tracing-paper.  Take  a  sheet  of  tracing- 
paper  about  the  size  of  the  plotting-sheet. 

With  a  rough  idea  of  one's  position,  make  a  pencil  dot,  on  the 
tracing-paper,  at  the  spot  it  will  occupy  on  the  plan. 

Through  that,  rule  a  line  roughly  in  the  direction  of  N.P. ; 
because  all  the  angles  were  taken  with  N.P.  as  the  initial  point 

Place  the  centre  leg  of  the  station  pointer  along  this  line ;  and 
with  the  right  leg  set  off  each  reading,  and  rule  along  the  edge 
of  the  leg. 

The  first  angle  is  39'  50'  N.S. ;  move  the  right  leg  to  39'  50', 
and  rule  along  its  edge  for  the  whole  length ;  label  the  end  of 
the  line  N.S. 

The  next  is  93'  50' ;  label  that  line  A  :  and  finally  rule  the  line 
S.  Point  with  the  left  leg  of  the  pointer  laid  off  48'  10',  and  label 
it  S.P.  Remove  the  station  pointer,  and  manipulate  the  tracing- 
paper  so  that  all  the  lines  drawn  shall  go  through  the  objects 
named  on  them.    Prick  through  at  the  position  of  the  dot. 

This  completes  all  the  positions;  the  coast-line  has  been,  on 
this  occasion,  sketched  in  between  the  fixes,  and  the  nature  of 
the  coast  inserted  (see  Plate  II.). 

There  remain  the  sununits,  and  the  topography  of  the  hills. 

15 
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Three  sketches  are  obtained  of  the  summits ;  and  the  artist 
making  them  must,  when  he  is  plotting,  be  able  to  identify  the 
summits  in  each  view ;  the  angles  are  laid  off  to  the  various  hills, 
and  the  valleys  are  sketched  in. 

This  is  not  altogether  so  easy  as  it  looks ;  but  the  sketches 
accompanying  this  example  are  very  simple  ones. 

Two  of  them  are  taken  from  nearly  the  same  point  of  view, 
and  from  these  views  there  can  be  no  doubt  which  summit  is 
which. 

The  third  sketch,  from  the  boat,  is  a  side  shot  at  them,  and, 
unless  very  carefully  plotted,  will  create  a  chaos  of  lines. 

Finally,  there  is  the  elevation  taken  from  N.S.  of  Peak  to  the 
shore  H.W.  line  in  line  with  Peak. 


Fio.  154. 

To  calculate  the  height : 

See  fig.  154— PQ  (height)  =  Q 0 .  tan  POQ  =  OQ.tan  (POT 

-QOT). 

P  0  T  is  the  observed  angle  of  elevation. 

Q  0  T  is  the  correction  for  dip,  for  shore  horizon ;  this,  for  a 
height  of  5  feet,  and  for  a  distance  OR,  as  measured  off  the 
chart,  =  3'. 

.-.  POQ  =  2'53'-3'  =  2*50'. 

Q  is  the  point  perpendicularly  under  P,  and  0  P  measured  on 
the  chart  represents  the  distance  0  Q. 

With  the  above  quantities,  find  P  Q. 

P  Q  is  the  height  above  0 ;  and,  since  0  is  5  feet  above  H.W., 
the  height  of  P  above  H. W.  =  P  Q  +  5. 

P  Q  will  be  found  =  350  feet ;  therefore  the  height  of  the  Peak 
above  H.W.  is  355  feet. 

The  soimding  was  carried  out  the  next  day. 

Everything  now  being  in  readiness,  the  tide-pole  readings 
being  registered  from  hour  to  hour,  and  the  *  points'  on  the 
plotting-sheet  all  marked  and  named,  having  been  pricked 
through  to  another  sheet  that  is  pasted  on  to  a  board  :  pasting  is 
suggested,  because  drawing-pins  will  always  be  just  where  the 
station  pointer  leg  is  required  to  be.  To  complete  the  one  day's 
work,  the  magnetic  meridian  may  be  drawn  on  the  paper;  dis- 
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tinguiahed  by  the  usual  symbol,  half  a  spear-head ;  copy  one  from 
a  published  chart. 

When  all  is  complete,  soundings  and  all,  then  the  points  plotted 
on  the  original  sheet  are  pricked  through  on  to  a  clean  sheet  of 
paper  underneath ;  the  coast-line  is  transferred  from  where  it  was 
plotted,  to  the  fair  sheets  by  tracing-paper,  and  the  details  filled 
in  from  the  original;  the  same  is  done  with  the  soundings,  as 
also  the  hills  and  topography. 

Everything  is  inked  in,  and,  if  desired,  painted  according  to 
the  usiial  custom,  as  laid  down  in  Wharton's  book. 

Both  true  and  magnetic  meridians  are  inserted ;  do  not  forget 
the  scale ;  and,  lastly,  the  title  (see  p.  189,  par.  381). 

Then  submit  all  matter  called  for,  according  to  the  regulations. 
Anyone  must  see  the  necessity  of  these  bona  fides,  if  the  work 
is  to  be  authorised  by  the  Admiralty. 

Adjustment  of  angles  taken  for  the  purpose  of  extending  the 
base  to  the  plotting  side.  (For  observed  angles,  see  p.  219 ;  for 
method  of  correction,  see  p.  232.) 


Oba.  Angles. 

N  4*  29' 
C  55  35 
W  119  50 


Corrn.  for 
Parallax. 

0' 

0 

-6 


(1)    A  NOW. 

Corrd. 
Angles. 

4' 29' 

59  35 

115  44 


179  48 


Propl.  Adjt 

9(100 +  100)  =  18 
100(100 +  9) -113 
100(100 +  9)  =  113 


Corrn. 

+  r 

+  5 
+  6 


Corrd. 
Angles. 

4^30' 

55  40 

119  50 

180  00 


B  V  29' 
C  30  09 
W  148  36 


0' 

2 
0 


(2)  ABC  W. 

1*29' 
30  07 
148  36 


180  12 


9(180 +  180)  =  3 
180(180 +  9)  =  34 
180(180 +  9)  =  34 


0'         r  29' 
-4       30  01 
-6      148  30 


180  00 


By  rough  calculation,  NW  nearly  =  N  0  =  1000  yards,  and 
B  W  nearly  =  B  C  =  1800  yards. 

Note. —The  discrepancy  in  the  length  of  the  side  N  B,  calculated 
through  N  W  and  B  W,  arises  from  the  smallness  of  the  angles 
at  N  and  at  B;  wherein  an  error  of  observation  makes  a  con- 
siderable error  in  the  length  of  the  sides  calculated  from  these 
angles ;  they  should  be  observed  with  the  greatest  possible  care, 
or  additional  triangles  can  be  created,  through  which  N  B  will 
be  calculated — not  forgetting  that  the  more  triangles  there  are, 
the  more  the  errors  accumulate. 


CHAPTER  III. 

ERRORS  IN  OBSERVING  ANGLES  AND  ADJUST- 
MENT OF  THE  ANGLES  OF  A  TRIANGLE. 

434.  Oorreoting  the  Observed  Angles  to  make  them 
up  to  180". — When  it  is  practicable,  and  also  when  all  possible 
aocurac  J  is  aimed  at,  all  three  angles  of  the  *  primary '  triangles 
should  be  taken.  Every  angle  obseryed  will  be  in  error  (see  Errors 
of  Observation^  Part  I.,  p.  82),  and  by  taking  all  three  angles, 
it  may  be  possible  to  reduce  the  probable  error  in  each  angle. 

For  example,  take  an  equilateral  triangle  ABC  (fig.  155). 
The  lengths  of  the  sides  are  cJl  equal,  and  the  angles  are  sJl  equal. 

The  same  observer  going  to  A,  B,  and  C 
with  the  same  instrument,  will  not  make  his 
three  angles,  when  added  up,  equal  to  180**; 
they  may  be  so  much  short  or  so  much 
over.  The  error  is  partly  instrumental 
(see  Errors  in  Theodolite,  p.  121,  par.  261, 
and  p.  151,  pars.  323,  324;  and  Sextant, 
Fio.  155.  Part  I.,  p.  82);  in  a  sextant  it  is  partly 

due  to  a  'false  station'  (see  Part  I.,  p.  2), 
and  partly  to  an  error  in  observing. 

Dealing  with  the  observation  error  in  any  one  angle,  this  may 
arise  from  the  theodolite  not  being  level;  or  to  a  slight  dis- 
placement of  it  while  observing,  or  that  the  observer  is  either 
not  over  the  point  of  the  triangle,  or  has  not  taken  the  other 
point  correctly.  Supposing  the  theodolite  error  to  be  consistent, 
it  is  then  a  question  of  observation  only. 

If  the  points  of  the  triangle  are  represented  by  a  spot  of  the 
smallest  conceivable  dimensions,  then  from  each  such  spot,  each 
of  the  other  spots  should  be  observed  over  the  centre  of  the  cross 
wires  of  the  telescope. 

But^  in  practice,  the  points  of  the  triangle  are  not  infinitely 
small  and  well-defined  spots,  and  not  always  very  distinguishable 
and  definite  large  ones:  the  centre  of  the  cross  wires  encloses 
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a  definite  area,  eyen  with  the  finest  web,  and  it  is  in  locating, 
and  in  placing  the  centre  of  the  cross  wires  over  this  spot,  that 
the  error  in  observing  creeps  in :  moreover,  the  angles  are  not 
taken  exactly /rom  each  spot.  A  ABC,  fig.  155,  represents  such 
points,  and  the  observer  is  supposed  to  have  stood  anywhere  within 
any  one  ring,  and  taken  the  angle  to  any  part  of  the  other  rings. 
A  large  spot  observed  in  error  at  a  long  distance,  will  subtend  a 
smaller  error  than  the  diameter  of  the  same  large  spot  if  observed 
from  a  shorter  distance  (see  p.  122,  par.  265).     Therefore,  referring 


Fig.  156. 


back  to  the  equilateral  triangle,  if  the  instrumental  errors  are  the 
same  in  all  three  angles,  the  distance  apart  of  the  spots  the  same 
(that  is,  A  B  =  A  C  «=  B  C),  and  the  personal  error  of  observation, 
and  of  position,  the  same,  then  each  angle  will  possibly,  and  even 
probably,  be  equally  in  error;  and  Jrd  of  the  total  error  could  be 
applied  to  each  angle  to  correct  it. 

Take  the  extreme  case  of  an  acute-angled  isosceles  triangle,  as 
shown  in  fig.  156  (a),  or  of  an  obtuse-angled  triangle  such  as  is 
shown  in  fig.  156  (6). 

Suppose  the  same  observer,  with  the  same  instrument,  with  the 
same  consistent  error,  makes  the  observation.  Then  the  angle 
BAG  will  probably  be  less  in  error,  i.e.  more  correct,  than  the 
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angle  at  B  or  at  C,  on  account  of  the  dutanoe  of  B  or  C  from  A, 
as  against  the  distance  between  B  and  C. 

Suppose  the  angle  at  A  to  be  five  times  the  value — merely  an 
arbitrary  valuation— of  those  at  B  or  C,  reckoning  it  in  the 
proportion  to  distances  AC  and  BC,  and  that  the  correction 
applied  to  each  is  in  the  inverse  ratio  of  their  values,  the  y^yth  of 
the  total  error  should  be  applied  to  A,  and  -^ths  to  each  of  the 
larger  angles,  since  they  are  equal,  in  fig.  156  (a). 

The  distances  A  C  and  B  C  will  vary  according  to  the  magnitude 
of  the  angle  opposite  to  them,  the  greatest  distance  being  opposite 
the  greatest  angle;  and  the  greatest  angle  of  any  triangle  is 
nearer  90"*  than  any  other,  therefore  that  angle  which  is  nearest 
to  90"*  will  require  the  largest  correction ;  but  the  amount  of  the 
correction  is  not  exactly  proportional  to  the  reading  of  the  angle, 
though  near  enough  when  the  total  error  is  very  smtdl  (see  p.  232). 

When  the  angles  of  a  triangle  are  *  cooked '  so  that  they  will 
add  up  to  180*,  then  each  erroneous  position  is  slightly  moved 
from  that  which  the  observer  supposes  it  to  be. 

In  A  ABC,  fig.  157,  B  is  the  largest  angle,  and  therefore 
subtends  the  longest  side,  A  C. 


Let  A  «=  67*  25' 
B  =  83  15 
C  =  29  25 


180  05 
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Suppose  the  whole  error  to  be  in  angle  B,  and  that  A  and  C 
are  correct,  then  A  Z  B^C  is  the  figure  created. 

Since  the  observed  angle  at  B  is  too  large,  then  B^  is  the 
observer's  position,  and  A^B^C  is  the  measured  angle.  A^B^C 
=  ABC  +  BZBi. 

The  angle  at  Z,  %.e.  BZ  B^,  is  therefore  the  error  of  observation ; 
and  for  an  error  of  observation  of  this  dimension,  the  position  of 
B  has  been  transferred  from  B  to  B^ 

Conversely,  applying  this  error  to  the  observed  angle  would 
transfer  B  to  B^. 

In  the  same  triangle,  if  the  whole  error  is  in  C,  then  A  B  C^X 
is  the  figure  created ;  and,  if  the  error  was  all  in  A,  there  would 
be  another  four-sided  figure  that  can  similarly  be  constructed. 

Having  already  distributed  the  other  errors— i.0.  those  due  to 
the  difference  of  quality  of  the  instruments,  the  personal  equation 
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of  each  observer,  the  exposed  position  in  each  case,  and  the 
reading  of  the  zero  when  referred  back,  that  is  whether  it  was 
correct  or  not,  and  even  taking  into  account  thB  good  or  bad 
zero  that  was  used,  for  one  observer  may  have  selected  a  better 
one  than  the  other  observer  (see  ZeroB^  p.  \22)— after  taking  all 
the  above  into  account,  it  must  be  granted  as  probable,  that  to 
account  for  the  remaining  error,  at  each  point  of  the  triangle  a 
similar  form  of  error  was  made:  that  form  has  already  been 
described  in  this  par.,  p.  229,  and  will  be  perhaps  better  understood 
by  referring  to  fig.  156.  It  is  now  required  to  shift  the  position 
of  all  three  points  an  equal  distance ;  and  the  question  is,  What 
is  the  corresponding  proportion  of  the  total  error  that  shall 
be  applied  to  each  angle,  so  that  each  position  will  be  equally 
affected  in  distance? 

Thus,  m  fig.  157,  if  CCi  is  made  =  BBS  and  the  line  A^C^  is 
drawn  cutting  AC^  in  X,  then  angle  C^XG  is  the  error  to  be 
applied  to  the  angle  observed  at  0^  that  will  shift  G^  to  0 ;  that 
distance  being  =  B  B^ 

In  A  BZBi,  BBi  :  B^Z  :  :  sin  BZB^  :  sin  BB^Z. 
B  Z  B^  is  the  error  at  B ;  call  it  h. 
B^B  Z  »  observed  angle  at  B  (practically). 

1.  Then  BB^  :  B^Z  :  :  sin  b  :  sin  B. 

In  A  CG^X,  QQ^:(y:L:'.  sin  GXG^  :  sin  G^GX. 

G  X  G^  is  the  correction  to  be  applied  to  G ;  call  it  c. 
Q^C  X  is  the  observed  angle  at  G^. 

2.  Then  C(J^  :  G^X  :  :  sin  c  :  sin  G. 

BBi  =  GGi;  and  when  BB^and  QQ^  are  small,  and  AA^  or 
AA^  are  very  small,  then  B^Z  is  practically  =  G^X  in  cmy  toell- 
conditioned  triangle;  where  the  sides  AB  and  AG  are  equal, 
B^Z  =  G^X  exactly. 

3.  Therefore  sin  6  :  sin  c  :  :  sin  B  :  sin  G. 

And  if  b  and  c  are  very  small,  then  6 :  c  :  :  sin  5  :  sin  G;  and 
hence,  to  make  the  same  displacement  in  the  positions,  the  angles 
must  be  adjusted  in  the  proportion  of  their  sines,  or  the  sines  of 
their  supplement. 

In  a  practical  form,  let 

(1)  .       (2) 

A  =  67"  28'    nat.  sin     -92  A  =  122*  32'       nat.  sin  "84 

B  =  83   18  „        1       (nearly)       B=     9   26  „        -16 

G  =  29   26  „  -48  G=   48   14  „        -74 


180   12  2-4  180   12  1-74 

(1)  Total  error  is  12' ;  divide  12  proportionally  to  '92,  1,  and  '48. 

(2)  „  „  „  „  -84,  16,  and  -74. 
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(1)  (2)  ,      , 

Corr.  at  83*  =  5'  00"        Corr.  at  122"  =  5'  43" 

„     at  29  =2  24  „     at      9  =1  06 

„     at  67  -4  36  „    at    48  =5  11 

and  therefore  the  corrections  should  make  the  probable  triangle 

(1)  (2) 

A  »  67^  23'  (nearly)  A  =  1 22"  26' 

B»83   13  B«     9   25 

G  =  29   24  G»  48  09 


180  00  180  00 

To  correct  for  the  error  due  to  the  single  cause  suggested 
above,  and  especially  in  ill-conditioned  triangles,  there  is  a  more 
rigid  and  probably  more  accurate  formula;  the  mathematical 
investigation  is  beyond  the  scope  of  this  work.  Let  a,  6,  c  be 
the  sides  of  any  triangle  opposite  the  angles  A,  B,  C :  then  the 
proportion  of  the  error  is : 

For  A  =  a(6  +  c),  for  B  =  6(a  +  c),  for  C  =  c(a  +  6). 

In  the  examples  above,  the  proportions  and  corrections  will  be : 

(1) 

Propn.          Corrn.  Corrd.  A. 

A  =  67*  28'          5-7  -  4'  lO''  67'  24* 

B  =  83   18           6-8  -5     0  83   13 

C»29   26           3*9  -2  50  29   23 


180   12 

<2) 

A  =122' 32' 

28-3 

-  5'  10-' 

122'  27' 

B=     9   26 

9-7 

-1  45 

9   24 

C=   48   14 

27-9 

-5  05 

48  09 

It  is  generally  accepted,  however,  as  being  near  enough  for  all 
practical  purposes,  with  instruments  that  read  off  to  the  nearest 
minute,  and  when  the  triangles  are  well  conditioned,  if  the  angles 
are  corrected  in  proportion  to  their  sizes,  or  to  their  supplement 
if  above  90**. 

By  selecting  the  most  distant  zero  (see  p.  122)  the  error  of  the 
initial  line  is  reduced  to  a  minimum. 

By  carefully  plummeting  the  theodolite,  the  error  of  the 
observer's  position  is  eliminated. 

The  definitiveness  or  otherwise  of  the  exact  centre  of  the  point 
observed,  and  the  fineness  of  the  telescope  wires,  have  an  in- 
fluence on  the  error  that  creeps  in ;  and  all  of  such  errors  as  have 
been  enumerated,  combine  with  the  quality  of  the  instrument 
and  its  adjustment,  which,  in  fact,  is  the  first  factor  in  the  value 
of  the  angles  observed. 


CHAPTER  IV. 
GOAST-LINB. 

435.  To  Fix  the  Co€U9t-line. — In  example,  par.  430,  the 
coast  from  A  to  Cliff  was  described  as  cliffy,  and  so  on ;  but  the 
coast-line  is  not  often  so  simple. 

436.  Ooast-lining  from  Boat  Fixes. — The  outline  of  a 
coast  is  the  line  marked  by  H.W.  springs.  When  it  is  impossible 
or  inconvenient  to  land,  a  number  of  *  natural  objects '  may  be 
'  shot  up,'  and  the  coast  sketched  in  between  them. 

In  fig.  158  the  portion  from  A  to  B  is  inaccessible ;  it  may  be  a 
cliff  open  to  a  heavy  swell,  or  a  coast-line  fronted  by  unwholesome 
mud  flats;  A  and  B  are  two  fixed  marks  at  the  ends,  or  two 
objects  which  have  already  been  'fixed.' 


Fig.  168. 

It  is  required  to  put  in  the  coast-line  between  them. 

Let  a  boat  anchor  at  X. 

X  is  '  fixed '  by  station  pointer,  from  three  objects  beyond  the 
part  of  the  coast  shown. 

At  X,  angles  can  be  taken  to  a  number  of  objects  situated  on 
the  U.  W.  line  along  the  coast,  shown  as  a,  b,  c,  d,  0,  /,  etc. 

Small  letters  are  here  assigned  to  them,  so  as  not  to  confuse  the 
figure ;  in  practice,  they  would  be  given  suitable  short  names. 

288 
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The  angles  would  be  written  down  thus 

At  X,  P  52'  40'  Q  70**  50'  K 

This  is  the  '  fix '  of  X  from  objects  not  here  shown. 

Then  follows  A  lO''  00'  black  stick 

20    10  bush 
25   20  tree  branch 
27   30  dog  (dead) 
etc.  etc. 

It  is  better  to  plot  these  angles  right  away. 

Then  up  anchor,  and  shift  to  Y ;  so  that  you  can  just  see  c,  and 
be  able  to  *  shoot '  it  up  again. 

So  at  Y,  P  70*  50'  Q  52*  40'  R ;  this  is  the  *  fix.' 

A    5' 00' stick 
10   10  bush 
29   50  tree 
40  00  dog 
etc.     etc. 

All  these  angles  are  laid  off  from  the  ends  of  the  plotting 
side  XY,  and  the  intersection  of  the  lines  gives  the  position 
of  the  object.  Then  up  anchor  again,  and  move  on  to  Z ;  '  fix,' 
and  take  the  angles  to  the  same  objects  as  before,  and  this  will 
*  check '  their  positions.  Probably  some  of  the  objects  are  only 
visible  from  two  of  the  '  fixes ' ;  in  that  case  one  must  be  satisfied 
with  two  lines  through  them  instead  of  three. 

With  the  points  plotted,  the  intermediate  coast-line  which  lies 
between  them  is  sketched  in :  the  more  fixed  points  there  are,  the 
less  is  the  room  for  speculation. 

If  it  is  possible  to  land  at  A  or  at  B,  from  either  or  from  both, 
many  of  the  above  objects  might  be  seen  and  *  shot  up.'  There 
would  then  only  be  occasion  for  perhaps  one  position  of  the  boat ; 
probably  that  of  Y. 

In  the  case  of  a  shore  fronted  by  mangroves,  it  is  very  hard  to 
so  *  shoot  up '  the  coast  on  account  of  the  monotonous  and  indefinite 
detail  along  the  edge ;  but  it  is  the  only  means  available,  except 
waiting  for  high  tide  and  holding  on  to  a  branch,  to  *  fix  it'  from 
a  boat. 

But  this  form  of  *  doing '  the  coast  does  not  always  turn  out 
very  satisfactory :  it  is  possible  to  miss  many  details,  and  it  is 
not  always  easy  to  see  whether  the  line  joining  any  of  the  two 
points  *shot  up'  curves  towards  or  away  from  you;  this  is 
illustrated  by  the  dotted  line  round  the  coast  in  fig.  158. 

In  a  case  personally  known  to  the  author,  a  creek  sufficiently 
large  for  a  small  steamboat  to  proceed  some  way  up  it,  was 
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entirely  missed;  the  positioDS  oorresponding  to  X  YZ  in  fig.  158 
on  that  particular  occasion  were  about  a  mile  from  the  land. 

In  the  case  of  a  ship  steering  roimd  an  island,  this  may, 
perhaps,  be  the  only  way  in  which  the  details  of  the  coast  can  be 
put  in.     (See  Example,  p.  381,  and  p.  360,  par.  584.) 

And,  in  the  days  gone  by,  a  great  many  coasts  of  continents 
were  '  shot  up '  in  much  the  same  manner,  and  rivers  sometimes 
escaped  notice.  This  was  called  a  'running  survey';  for  an 
example,  see  pp.  366,  381,  or  Plates  XI.  and  XII. 

4OT.  *  Walking  in '  tiie  Coast. — So,  when  it  is  possible  to 
land,  the  coast-line  is  better  '  walked  in,'  and  plotted  as  one  goes 
along.  On  an  ordinary  coast,  four  miles,  in  a  day  of  about  ten 
hours,  is  a  good  average  day's  work. 

Armed  with  a  sextant,  a  'station  pointer,'  a  protractor  and 
pencil  (a  10-foot  pole  in  reserve),  and  a  sheet  pasted  on  a  board, 
to  plot  on  (all  the  points  neces- 
sary to  '  fix '  with  are  pricked  on 
to  this  sheet ;  they  are  '  ringed ' 
in  ink  and  named  in  the  same 
way  as  on  the  original  plotting- 
sheet). 

The  surveyor  begins,  say,  at 
some  station  already  fixed  on 
the  paper;  and,  since  he  will 
require  to  fix  his  position  at 
about  every  \  inch  of  paper,  *    Fio.  159. 

one  or  more  flotsams  or  natural 

peculiarities,  according  to  the  nature  of  the  beach,  lying  about,  at 
or  near  the  H.W.  line,  between  himself  and  the  probable  position 
of  his  next '  fix,'  will  be  '  shot  up.' 

If  there  are  no  objects  or  things  on  the  beach  just  where  he 
would  like  them,  some  one  can  put  one  stone  on  another,  or  stand 
a  stick  up  here  and  there.     Fig.  159  illustrates  a  case  in  point. 

Starting  at  A,  the  '  trend  on '  is  shown  by  the  line  with  the 
arrow  from  A. 

B  is  '  fixed '  by  station  pointer  angles,  from  fixed  objects  on  the 
plotting-sheet. 

The  'trend  back'  is  shown  by  a  line  from  B,  and  so  is  the 
'  trend  on ' ;  a;  is  shot  up  from  B,  then  angles  taken  at  it,  '  trend 
back '  and  '  trend  on '  which  are  not  plotted  until  a;'s  position  is 
fixed  by  another  angle  to  it  from  C,  after  arriving  at  C ;  and  so 
on,  '  fixing '  again  at  C  and  shooting  up  B,  x,  and  '  trend  back ' 
and  'on.' 

The  dots  at  the  intersection  of  the  arrows  show  where  the  thing 
'  shot  up '  might  be. 

Another  way  is  as  follows : — 

Where  there  may  not  have  been  the  necessity  to  *fix'  at  B, 
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the  same  two  things  are  'shot  up '  from  A  and  C  (fig.  160),  A  and 
C  being  '  fixed '  from  the  marks  elsewhere  on  the  field  board. 

But  practice  and  ingenuity,  as  well  as  the  surveyor's  eye,  may 
be  required  in  nooks  and  comers,  where  the  objects  on  the  board 
to  fix  with  are  out  of  sight. 

Take  fig.  161  as  an  example. 

A  and  B  are  the  only  places  at  the  entrance  of  this  embryo  cove 
from  which  outside  marks  can  be  seen  to  *  fix '  with. 

Then  from  A  and  B,  things  at  o^  6,  and  c  are '  shot  up.'  This  fixes 
h  by  two  Unes,  but  gives  one  line  only  to  the  objects  at  a  and  c. 
Now  by  moving  on  to  6,  angles  can  be  taken  there,  giving  lines 
of  direction  to  a  and  c,  as  well  as  angles  giving  the  direction  of  the 


B 
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'trend'  for  so  many  yards  on  each  side  of  b;  and  at  a  and  c 
similar  angles  can  be  taken  to  give  the  '  trend '  on  each  side  of 
them.  At  a  an  angle  is  taken  to  c  and  to  6,  as  a  check  on  itself 
and  on  c.  Starting  at  A,  walking  round  through  c,  b,  and  a,  the 
angles  are  taken  in  turn,  though  picked  out  for  plotting  after- 
wards, as  shown.  Angles  to  the  'trend'  are  always  necessary; 
do  not  trust  to  the  eye. 

If  a  flick  of  whitewash  is  made  on  a  stone,  or  stick,  at  the 
positions  a,  6,  c,  there  will  be  better  definition  to  fix  their 
positions  by. 

The  details,  as  before,  are  sketched  in  between  the  points,  and 
will  not  extend  outside  the  lines  of  '  trend.' 

438.  '  Goaet-lining '  an  Inlet  by  Small  Triangulation. — 
When  the  nook  partakes  of  a  more  or  less  extensive  inlet,  it  will 
be  necessary  to  make  a  small  triangulation,  such  as  is  shown  in 
fig.  162. 

The  whitewash  brush  here  is  compulsory.  A  and  B  are  sup- 
posed *  fixed '  from  the  points  outside. 

Unless  there  is  a  well-defined  object  already  there,  some  sort  of 
distinguishing  mark  must  be  made  at  a,  b,  c,  and  d :  a  pyramid  of 
whitewashed  stones  is  eminently  the  best,  and  seen  the  furthest. 

From  A  and  B,  the  ends  of  the  plotting  side  A  B,  '  shoot  up ' 
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Oy  by  Cy  8,1x6.  dy  If  thcj  should  be  visible  from  both  A  and  B ;  in  any 
case,  one  mnst  be  so  visible.  Suppose  a  and  h  can  be  seen  from 
both,  then  an  angle  to  them  from  A  and  from  B  will  plot  their 
positions  by  two  lines. 


Fio.  162. 

See  fig.  163 ;  accept  h  as  correct ;  then,  going  to  5,  take  angles 
to  all  the  others ;  moving  on  to  c,  do  the  same  from  there  to  all 
the  other  marks,  both  backwards  and  forwards ;  and  so  on.  It  is, 
in  fact)  one  triangulation  on  another;  the  plotting  side  of  one 


FiQ.  168. 

triangulation  being  the  last  line  of  the  one  further  back,  but  if 
pasnble  connected  with  points  still  further  bach  (see  dotted  lines 
kd  and  Be).  Obviously,  errors  are  increasing  with  each  triangle 
added ;  hence  the  necessity  first  alluded  to,  of  defining  each  point 
distinctly  by  whitewash  marks. 

A  river  survey  is  carried  out  in  precisely  the  same  way.     But 
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Harbour 


the  original  line  A  B  is  obtained  in  a  somewhat  different  manner ; 
and,  moreover,  when  the  end  of  the  river  is  reached,  means 
should  be  found  for  re-adjusting  the  triangulation,  both  as  to 
total  distance  as  well  as  to  its  slue.  (See  further  on,  p.  244, 
and  Appendix  V.) 

439.  Ooaat-lining  with  10-Foot  Pole. — In  the  foregoing 
it  has  been  assumed  that  the  coast-liner  has  been  able  to  find 
sufficient  objects  on  the  open  coast  to  *  fix '  himself  by ;  and  that 
when  he  lost  sight  of  them,  as  he  would  do  in  a  small  cove  or  a 
creek,  he  was  obliged  to  make  a  small  triangulation. 

But  when  he  reaches  the  confines,  or  border,  of  the  plan,  such 
a  triangulation  as  shown  above  is  no  longer  possible;  and  he 

has  to  put  in  the  outer  coast 
of  the  harbour.  Such  a  case 
is  illustrated  in  fig.  164. 

From  A  to  the  south-east- 
wards represents  the  outer 
coast  either  of  a  harbour  or 
of  an  island. 

Here  recourse  must  be  had 
to  the  10-foot  pole  described 
on  p.  154,  par.  329,  which,  as 
previously  stated,  has  been 
carried  in  reserve  ;  a  pocket  or 
prismatic  compass  will  also  be 
required. 

The  general  principle  is  that, 
A  being  the  last  and  outer 
point  that  could  be  'fixed,' 
the  points  a,  6,  c,  etc.,  along 
the  outer  coast  will  be  'fixed,'  by  their  bearing  and  distance 
from  each  other,  starting  from  A. 

The  bearings  taken  with  the  prismatic  compass  being  magnetic, 
to  simplify  the  laying  off  of  the  bearings  with  the  protractor,  a 
number  of  magnetic  meridians  are  ruled  on  the  paper  in  the 
vicinity  of  the  coast,  as  shown  in  fig.  164. 

A  scale  will  be  required  for  the  measurement  of  distances,  and 
will  be  obtainable  with  the  aid  of  the  10-foot  pole. 

This  scale  will  be  in  the  form  of  a  table,  showing  the  distance 
corresponding  to  the  angles  subtended  by  the  pole,  calculated 
from  1*  to  5°. 

The  table  as  shown  in  Appendix  VIII.  can  be  used.  But,  if 
desired,  one  can  be  made  in  the  following  way,  which  will  prob- 
ably be  as  useful. 

Since  dist.  in  feet « length  of  pole  /.cot  angle  (see  p.  153),  then 

-i.  X    •     •     1-        £  •      J.  1       r  cot  a .  scale  in  inches 

dist.  m  mches  of  paper,  approximately  =  /.  ^^  . 


Fio.  164. 
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To  further  simplify  it ;    if    '  is   a   whole  fraction,  such  as 

/  =  10  feet  and  scale  =  6  inches,  then    '    ^^  =  ^^- ^  s  -- -  .     Also 

^  6000      6000     100 

— ^j— —  =  length  in  inches  of  paper  for  angle  a. 

A  part  of  the  nat.  cot.  table  only  need  be  copied  out  for  such 
angles  as  are  desired. 

If  the  scalers  inches,  and  if  I  is  made  12  feet,  then  the  scale 
is  exactly  the  same  as  before. 

If  the  scale  is  4  inches,  and  I  is  made  15  feet,  it  will  still  be 
the  same  as  the  cot.  table,  and  this  does  away  with  any  special 
table.  The  same  results  are  obtained  if  I .  scale  «  60,  and,  know- 
ing  the  scale,  the  distance   of  the  discs   on   the   pole   can  be 

adjusted  so  that  it  will  =  — =-,  or,  more  correctly,  -    ,  . 

scale  scale 

Then,  again^  if  the  ^inch  scale  on  the  edge  of  the  protractor  is 
used,  as  it  undoubtedly  should  be,  then  j-rr^  =  distance  by  the 

^-inch  scale,  and  this  does  away  with  the  use  of  dividers. 

The  *  10-foot'  pole  can  be  made  into  12-ft.,  15-ft.,  or  any  other 
length  of  pole,  by  sliding  the  discs  in  or  out.  The  odd  fractions 
of  the  scale  can  be  neglected  in  such  work  as  putting  in  the 
outer  coast. 

As  the  total  distance  usually  required  is  under  a  mile,  the 
total  error  will  probably  be  about  80  feet  in  a  mile  (see  p.  153). 

And,  since  the  '  work '  in  the  present  case  is  a  plan  of  the  inside 
of  the  harbour,  the  portion  of  the  coast-line  outside,  for  1  mile  on 
either  side  of  the  entrance,  is  not  of  very  great  importance — it  is 
more  to  give  a  finish  to  the  work.  On  a  6-inch  scale,  80  feet  =s  '103 
of  an  inch ;  such  an  error  is  negligible. 

Now,  referring  back  to  fig.  164,  A  is  the  outer  point  fixed; 
then,  starting  from  that  point,  the  pole  is  sent  on  to  5 ;  a  man 
holds  it  there  horizontally,  swaying  the  ends  in  a  horizontal 
movement  to  and  from  the  observer,  or  vertically,  as  shown  in 
fig.  165,  so  that  the  maximum  angle  subtended  by  the  length  of 
the  pole  is  measured  with  the  sextant.  It  would  be  better  to 
remove  the  index  error  of  the  sextant. 

At  the  same  time  the  magnetic  bearing  of  it  is  taken  from  A. 
There  should  be  no  need  to  mention  again,  that  steel  cigarette- 
cases  and  pencils,  knives,  and  keys  exert  a  '  local  attraction '  on 
the  compass,  and  had  better  be  given  to  someone  else  to  take 
care  of. 

The  distance,  in  inches  of  paper,  corresponding  to  the  length  of 
the  pole  with  the  angle,  measured  along  the  bearing-line  set 
off,  gives  the  position  of  b  relatively  to  A. 
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The  position  of  6  is  marked  by  anything  handy :  one  stone  on 
another,  a  stick,  or,  temporarily,  a  man.  The  pole  is  then  sent  on 
successively  to  c,  d,  e,  etc.,  and  as  one  progresses  onwards,  the 
bearing  and  distance  are  taken  to  the  poles  ahead,  and  a  bearing 
taken  to  the  marks  back.  The  mean  of  the  bearing^  fore  and 
back  is  accepted. 

Or,  X  and  Y  can  be  fixed  by  bearing  and  distance  from  A  and 
from  each  other ;  and  from  each  of  them,  angles  may  be  taken  to 
various  things  along  the  coast ;  in  fact,  it  is  just  the  same  as  fixing 
the  coast-line  from  X,  Y,  Z,  as  shown  in  fig.  158  ;  but  here  each  fix 
depends  on  the  one  back. 

This  last  method  probably  produces  less  total  error  than  the 
first  suggested,  which  involves  a  greater  number  of  successive 


Fig.  165. 

measurements  along  the  coast,  each  depending  on  the  other ;  but 
if  there  is  no  foreshore,  there  is  no  room  for  X,  Y,  etc. 

Precisely  the  same  system  is  carried  out  in  the  case  of  the 
outer  coast-line  of  an  island.  Starting  from  a  point  which 
can  be  'fixed'  by  angles,  the  surveyor  works  round  the  coast, 
eventually  arriving  at  another  part  of  the  island  where  again  a 
*  fix '  can  be  obtained  by  angles ;  this  is  not  necessarily  the  same 
point  as  he  started  from,  but  must  be  a  point  correctly  related 
to  the  first  through  the  same  triangulation. 

440.  '  Squaring  in '  ESrrors  of  Ck>ast-lining  by  10-Foot 
Pole. — It  will  be  found  that  the  last  bearing  and  distance  that 
should  bring  him  to  this  point,  does  not  tally  with  what  it  should  be. 

In  the  following  sketches,  fig.  166,  the  hard  line  represents 
the  true  shape,  and  the  dotted,  the  erroneous;  each  indicates 
one  of  the  four  things  that  has  happened : — (1)  the  bearing  is  right, 
and  the  distance  is  too  short,  B  B\  or  too  long,  B  B^ ;  (2)  the 
distance  is  right  and  the  bearing  wrong,  represented  by  angle 
BAfii;  (3)  the  bearing  is  in  error,  shown  by  BAB,  and  fiie 
distance  is  too  short,  BX  being  the  error;  (4)  the  bearing  is 
in  error,  shown  by  B  A  B^  and  the  distance  too  long,  B  X  being 
the  error. 
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If  time  permits  and  the  miatter  is  important,  the  most  oorrect 
solution  is  to  go  round  both  ways,  and  take  the  mean  of  the 
results  of  each  tour. 

If  there  is  no  time,  then  the  total  error  in  dittdnce  must  be  re- 
adjusted in  the  proportion  of  each  piece  measured.  This  suggests 
that,  if  the  distance  between  each  pole  measurement  is  about 
equal,  and  if  the  coast  is  put  in  as  given  above,  i.e.  from  X,  Y,  etc., 
then  the  calculations  necessary  for  readjusting  the  distance  are 
simplified. 

If  the  error  in  bearing  is  cannderctbhy  which,  if  the  bearings 
have  been  taken  forward  and  back,  is  not  probable,  then  that  will 


2. 


D'   D 


--^b2 


V  I 


^0..;x 


B' 


also  have  to  be  re-adjusted,  by  applying  the  error  shown  by  B  A  B^ 
or  B  A  B^  to  all  the  bearings  taken ;  but  in  the  work  above 
noticed,  this  degree  of  accuracy  is  not  called  for ;  if  the  error  is 
under  4  or  5  degrees,  in  a  coast-line  1  mile  long,  it  can  be  neglected ; 
one  has  to  bear  in  mind  that  already  2^  hours  have  been  occupied 
in  putting  in  this  outer  coast,  and,  disregarding  the  error  in  biaar- 
ing,  another  hour  or  two  would  be  occupied  in  re-plotting  the 
positions  to  tens  of  feet ;  whereas  the  total  error  is  possibly  only 
200  feet,  represented  by  *2  inch  on  a  6-inch  scale. 

In  many  of  the  running  surveys  in  the  past  decade,  when  two 
surveys  undertaken  from  two  opposite  directions  did  not  quite 
meet,  an  imaginary  sandy  beach  was  interposed ;  this  was  by  no 
means  justifiable ;  but,  a  matter  of  a  few  feet  on  an  outside  and 
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unimportant  coast,  especially  when  the  scale  is  small,  will  hardly 
endanger  a  ve^el. 

The  whole  thing  is  a  diminutive  form  of  the  error  that  exists  in 
every  piece  of  work,  even  in.  an  extended  triangulation.  (See  the 
example  given  on  a  large  scale  in  a  river  survey.  Appendix  V.) 

Conceive  the  whole  distance  laid  out  as  a  zigzag  Une  hinged  at 
the  points,  and  take  the  case  of  3  in  fig.  166.  A  B  in  fig.  167 
represents  the  true  position  of  A  and  B  on  a  straight  line ;  B^  is 
the  observer's  position,  his  distance  being  too  short  by  B  X,  and 
his  error  to  the  right  looking  from  A  towards  B.  B  A  B^  is  the 
error  in  bearing ;  this  angle  can  be  applied  to  all  the  bearings,  and 
it  pushes  the  zigzag  line  on  to  B ;  in  a  distance  of  one  mile  this 
is  probably  a  negligible  quantity. 

As  regards  the  distance  B  X,  it  must  be  admitted  that  the  error 
was  a  constant  one,  and  the  total  amount  of  the  error  B  X,  t.e. 
the  difference  between  A  B  and  A  B*',  must  be  divided  up  in  pro- 


portion to  each  distance  measured,  and  the  proportional  error 
applied  to  each  distance.  In  other  words,  the  zigzag  line  will 
have  to  be  pulled  out  to  B,  and,  in  doing  this,  all  the  bearings 
would  be  altered ;  but  the  same  result  is  obtained  if  the  distances 
of  each  apex  are  altered  instead. 

Along  the  line  A  B^  tick  off  each  distance  that  has  to  be  re- 
adjusted, as,  for  instance,  Ab^  =  Ab^  ;  this  should  be  done  on  the 
same  scale  of  the  work.  Join  B  B*,  and  through  b^  draw  a  line 
parallel  to  B  B^ ;  where  this  line  meets  the  line  A  B  will  be  the 
adjusted  distance  A5.  Each  point  would  have  to  be  treated  in  the 
same  way,  and  they  can  be  measured  from  this  line,  and  be 
re-plotted. 

A  river  bank  may  be  surveyed  with  the  aid  of  a  pole,  12,  15  or 
even  20  feet  long,  in  exactly  the  same  manner. 

441.  Coaslrliiie  of  a  Biver  Bank  from  Two  Boats  and 
10-Foot  Pole. — ^Two  boats  may  be  used,  if  necessary ;  and,  con- 
jointly, they  literally  stride  up  and  across  the  river. 

As  in  the  case  of  an  outer  coast,  which  has  to  be  connected  with 
the  main  work,  so,  if  this  river  forms  part  of  a  coast  survey, 
one  point  on  it  must  be  connected  with  the  remainder  of  the 
survey. 

If  it  is  an  entirely  separate  piece  of  work,  its  position  must  be 
fixed  astronomically. 


COAST-LINE.  243 

In  this,  greater  accuracy  will  be  required  than  for  an  outer 
coast-line ;  and  it  will  be  always  necessary  to  put  up  some  mark 
at  each  spot,  and,  as  before,  tske  the  bearings  both  forward  and 
back  to  the  pole.  In  fact,  it  may  be  carried  out  to  any  degree  of 
accuracy  that  is  wanted.  For  example,  two  poles  can  be  used,  one 
in  each  boat  and  an  observer  in  each  ;  this  would  give  two  bear- 
ings and  two  distances,  the  mean  of  which  would  be  accepted. 
Now,  an  error  of  1',  when  a  10-foot  pole  subtends  1*,  =  10  feet 
nearly,  if  2*  it  is  2  feet;  so  that  the  nearer  the  pole  or  the 
larger  the  angle  measured,  the  less  is  the  error  in  distance  for  the 
same  error  of  observation. 

At  the  mouth  of  a  river,  its  distance  across  may  be  600  feet, 
and  the  angle  subtended  by  the  pole  will  be  about  1**,  so  that  the 
measurement  would  have  to  be  taken  very  carefully. 

It  is  probable  that,  owing  to  instrumental  and  other  errors  of 
observation,  the  angle  will  be  2'  in  error,  which  means  an  error  of 
about  20  feet  in  600  feet^  or  about  200  feet  in  every  mile.  0¥dng 
to  this,  a  10-foot  pole  cannot  be  expected  to  provide  accurate 
results  beyond  300  feet;  to  avoid  this  error,  it  will  be  found 
bettor  to  use  a  15-foot  or  longer  pole. 

Each  distance  will  be  in  error  proportionate  to  the  angle,  and, 
since  there  will  be  many  distances  measured,  and  each  portion 
ahead  depends  upon  the  one  immediately  behind,  the  errors  in 
position  will  accumulate  rapidly. 

It  is,  in  fact,  an  exaggerated  form  of  the  creek  shown  in  fig.  158 ; 
and  of  that  with  the  zigzag,  fig.  167,  but  now  it  will  resemble  a 
trestle-work,  each  point  being  hinged. 

Some  means  must  therefore  be  found  for  checking  the  work 
from  time  to  time — that  is,  pull  out  or  push  back  the  trestle-work ; 
or,  failing  this,  some  point  at  the  head  of  the  river  must  of  neces- 
sity be  connected  up,  in  both  bearing  and  distance,  either 
directly  with  a  point  at  the  entrance,  or  with  something  else 
that  is  connected  with  that  point  directly  or  indirectly.  In 
fact,  it  is  required  to  locate  the  pivot  and  the  end  of  the  piece 
of  trestle-work. 

In  the  extensive  triangulation  of  a  large  and  important  river, 
there  will  be  a  network  of  such  connecting  points,  each  being 
linked  together  by  large  triangles ;  while  the  triangulation  of  the 
river  bank  falls  into  its  place,  ^  inside '  these  main  triangles. 

442.  Gonneotiiig  up  a  Triang^ulation  with  a  *  fixed'  A* 
— Where,  however,  there  is  no  such  large  triangulation,  the  last 
position  on  the  banks  fixed  by  the  10-foot  pole  or  by  any  other 
means,  must  be  connected  up  with  one  or  two  or  more  objects  in 
another  triangulation,  such  as  one  in  an  Ordnance  Survey,  and  also 
with  the  point  you  started  from. 

In  fig.  168  let  the  point  A  or  B,  at  the  entrance  of  the  river, 
be  a  point  belonging  to  the  main  triangulation;  or  let  one  of 
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Fig.  168. 


them  be  connected  to  M,  which  forms  part  of  the  coast  triangula- 
tion.     See  the  following  example : — 

Let  S  be  a  summit,  also  fixed 
in  the  triangulation,  or  a  posi- 
tion derived  from  an  Ordnance 
Survey.  (See  Scales  and  Trans- 
ferring Positions,  p.  1 76,  par.  364. ) 
Position  of  S  can  be  transferred 
to  the  work  by  its  bearing  and 
distance  from  M,  or  by  its  diff.  lat. 
and  diff.  long,  from  M.  Suppose 
the  observer  arrives  at  O',  and  he 
is  visible  from  S.  Then  from  S  a 
true  bearing  of  0'  may  be  ob- 
tained, or  an  angle  between  M  and 
O'.  This  will  give  the  direction  of 
0''s  position ;  in  this  case  nearly  N. 
443.  *  Squaring '  in  a  River  Survey. — If  S  O  is  the  line  of 
position  drawn  through  S,  then  O'^s  position  is  out  in  bearing,  and 
the  total  error  0  M  0'  gives  a  constant  correction  to  the  bearing 
of  each  point  of  the  work :  in  fact,  the  trestle  of  triangles  must 
be  slued,  pivoting  from  M. 

In  the  above  case,  the  general  trend  of  the  river  is  north  and 
south,  therefore  the  line  which  best  'checked'  his  position  in 
bearing,  is  one  in  a  north  and  south  direction. 

Had  he  taken  S'  to  *  check '  his  position  from,  the  bearing  of 
0  from  S',  giving  an  east  and  west  line  along  any  part  of  which 
the  observer  might  be,  does  not  keep  him  straight  in  bearing. 
But  a  true  bearing  of  S'  would  check  distance  M  0 ;  and  with  the 
assistance  then  of  such  objects  as  S  and  S',  the  observer  *  checks ' 
his  last  position  ;  and,  as  before  explained,  he  must  deduce  a  per- 
centage error  to  apply  to  each  distance  found  by  triangulation, 
and  either  apply  this  separately,  or  he  may  do  the  whole  work 
over  again,  working  from  the  head  of  the  river  to  the  mouth ; 
depending  upon  the  mode  of  triangulation  used  and  accuracy 
aimed  at ;  that  is,  whether  by  angles  only,  by  pole  and  bearings, 
or  by  patent  log  and  bearings. 

The  proportional  error  is  not  applied  to  each  actual  distance, 
but  to  that  part  of  the  distance  which  is  directly  on  the  line 
joining  one  end  of  the  work  with  the  other,  just  as  is  shown  in 
the  zigzag  line,  fig.  167. 

For  example :  M  0  is  the  line  joining  the  beginning  with  the 
end  position. 

M  to  a,  fig.  169,  is  the  first  line  from  M  toward  0  ;  from  a  draw 
ax  at  right  angles  to  M  0 ;  then  Mx  is  the  proportional  distance 
of  a  directly  toward  0 ;  My  is  the  proportional  distance  of  Mb 
towards   O;  Mz  is  the  proportional  distance  of   Md  towards  O. 
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Then,  if  desired,  and  the  importance  of  the  work  calls  for  it,  the 
whole  error  represented  by  X  O'  (the  difference  between  M  O'  and 
M  0)  in  fig.  169,  will  have  to  be  divided  in  the  proportions  of  Mar, 
My,  Mz,  etc.,  and  each  position  pulled  back — for  instance,  z  to  z', 
and  d  will  be  at  cT.  If  the  bearing  is  much  in  error,  each  angle, 
or,  in  this  case,  each  bearing,  will  have  to  be  correct'ed ;  but  this 
maj  be  a  needless  refinement  of  adjustments :  if  it  is  done,  apply 
the  angle  X  M  0  to  all  the  angles,  cM  O,  (M  0,  etc.  There  is  a 
time  and  there  is  not  a  time  when  such  adjustments  are  neces- 
sary ;  and  adjustments  of  errors  are  in  the  exact  proportion  to 
the  degree  of  accuracy  the  instruments  are  capable  of. 

Noting  the  fact  that  the  three  angles  of  a  triangle  cannot,  when 
the  angles  are  taken  with  a  sextant,  be  made  to  equal  180  degrees, 
even  supposing  that  the  observer  does  stand  exactly  over  each  point 
of  the  triangle;  when  the 
survey  has  been  entirely 
carried  out  with  sextant 
angles,  starting  from  a  base 
also  derived  through  angles 
taken  with  a  sextant,  the 
degree  of  accuracy  may  not 
be  very  great,  and  such 
adjustments  as  have  been 
alluded  to  would  be  an 
affectation. 

When,  however,  such  a 
river  is  surveyed  as  a 
separate  piece  of  work,  on  a 
larger   scale    than   the   tri-  Fio.  169. 

angulation  of  the  coast,  and 

with  the  most  accurate  instruments,  then  some  point  on  it  must 
be  fixed  astronomically,  either  directly  so,  by  observations  for 
latitude  and  longitude,  or  by  a  true  bearing  and  distance  from 
some  other  point  which  is  astronomically  fixed ;  and  all  refinements 
of  adjusting,  are  made  with  reference  to  the  astronomical  position 
of  each  separate  point  of  the  triangulation.     (See  Appendix  V.) 

Referring  to  fig.  168,  C  may  be  so  fixed. 

444.  '  Connecting  up '  from  Astronomical  Positions. — 
Or,  if  the  astronomical  positions  of  S  and  S'  (fig.  168)  are  trans- 
ferred from  an  Ordnance  triangulation,  relatively  to  the  latitude 
and  longitude  of  C,  on  to  the  same  sheet  as  that  on  which  the  river 
is  plotted,  then  the  true  position  of  the  observer  can  be  obtained 
by  plotting  the  intersection  of  the  two  true  bearings,  taken  at  O,  of 
the  objects  S  and  S' ;  but,  before  actually  plotting  these  bearings, 
they  must  be  converted  into  Mercatorial  bearings.  Or,  without 
tranfiferring  the  positions  S  and  S'  to  paper,  tiie  astronomical 
position  of  0  can  be  calculated,  and  plotted  relative  to  C :  or  at  0 
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it  can  be  an  'absolute'  poeition  in  latitude  and  longitude,  the 
observations  at  C  not  being  necessary. 

Example, — S  and  S'  (fig.  170)  are  two  distant  summits  about 
fifteen  miles  apart,  their  positions  being  too  distant  to  plot  on  the 
paper. 


n 


1 8;^96  dep^ e  ^ 


Fig.  170. 


It  is  ascertained  that : 

lat.  S.  50**  30'  N. 
lat.  S'  51"  00 


d.  lat    0    30 


long.  15*  30'  W. 
long.  15   00  W. 

d.  long.    0  30 


dep.  =  d.  long. .  cos  mid.  lat. 
=  30.  •632  =  18-96. 

1  ,"'  =  tan  Mercatorial  bearing. 

30"  ""  ^^''^  1^  s  s  • 
=  N.  32**  18' E. 
Dist.  (SS')  =  DS.secDSS'. 

=  30.  M 83  =  35-5  miles. 

Therefore  the  bearing  and  distance  of  S'  from  S  is  N.  32*  18'  E., 
35*5  miles. 

At  O  the  T.B.  of  S  is  observed  and  found  to  be  S.  8*  14'  W. 
and  the  angle  between  S  and  S'  is  127*  42'. 

So  as  to  be  able  to  convert  the  T.B.  into  a  Mercatorial  bearing 
it  is  required  to  find  the  distance  from  0  to  S. 

At  first  this  will  have  to  be  done  by  using  the  T.B.  as  a 
Mercatorial  bearing,  then,  after  correcting  it,  repeating  the 
calculation. 

Then,  taking  DS0  =  8*  14',  and  since  DSS'  =  32*  18',  then 
OSS' =  24*   04'.     Since   SOS' =127*   42',   and  OSS'- 24*  04', 
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then  OS'S  =  28'  14'  (180'- 127' 42'  +  24'' 04'),  and  dist.  0S  = 
SS'.  sin  OS'S. cosec  SOS', 

log  SS'  1-550228 
log  sin  24'  04'  9-609313 
cosec  127**  42'   10-101701 


1 -261242  » 18*25  miles. 

Convergencysdist.  sin  Merc,  bearing,  tan  mid  lat. 
To  know  the  mid  lat.    we   must  find   the  diflf.   lat.   between 
Oand  S. 

diff.  lat.  »  dist. .  cos  bearing. 
18' 25'. cos  8'  14'. 
18'  25'. -99  =  18' 07'. 

Then  mid  lat.  -  50'  39'  (50'  30'  +  J  diff.  lat.) 

log  18'  25'  1-261242 
sm  8  14  9-155957 
tan  50  39      10086213 


log  -503412  =  3-187  =  3' 11"  + to  T.B. 

Therefore  Mercatorial  bearing  =  8'  14' +  1'  36"  (J  convergencj) 
=  8'  15'  35^^  =  Mercatorial  bearing.  Then  recalculate  all  the  above 
with  this  Mercatorial  bearing;  and  convergencj  =  3*2' =  3'  12''; 
and  the  corrected  Mercatorial  bearing  equals  N.  8'  15'  36''  E. 

Recalculating  SOS'  gives  0 S  practicallj  the  same  as  before, 
viz.  18*25  miles,  and  also  diff.  lat.  the  same  =  18*06'  =  18'  3^ 

And  smce  the  lat.  of  S  50'  30'    0"  N. 
diff.  lat.  to  O     0    18     3   N. 


then  lat.  of  0  50    48  03  N. 

diff.  long.  =  dep.  sec  lat. ;  and  dep.  =  diff.  lat.  tan  bearing. 
Then  diff.  long.  =  diff.  lat.  tan  bearing .  sec  mid  lat. 

log  d.  lat.  1-256687 
log  tan  bearing  9163123 
log  sec  mid  lat.  10*197872 

log      -617682  =  4-146  =  4' 08" 

Since  long,  of  S  is  15'  30'    0"  W. 
diff.  long,  to  O  0     4   08  E. 

then  long,  of  O       15   25   52  W. 

Should  there  be  no  friendly  summit  such  as  S  or  S'  to  check  the 
results,  then  the  positions  near  the  mouth,  and  at  the  head,  must 
be  ascertained  astronomically  (see  ObtervaUons  for  Latitude  and 
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L<mgitvd$y  pp.  40,  37,  and  Appendixes  III.  (a)  and  IV.  (6)) ;  and,  as 
before,  the  details  must  be  made  to  fit  in  between  them,  by  re- 
adjusting, in  latitude  and  longitude,  each  point  that  has  been  found, 
by  a  triangulation  either  with  a  theodolite,  sextant,  or  with  a  pole 
and  compass.  (See  complete  example  worked  out  in  Appendix  V.) 
It  has  already  been  pointed  out  that  with  only  one  object 
visible,  its  bearing  will,  or  may,  only  check  either  the  bearing  or 
the  distance,  depending  upon  whether  it  is  in  the  line  of  the 
general  direction  of  the  work,  or  whether  it  is  at  right  angles 
to  it. 

But  the  length  of  the  river  must  be  considerable,  in  order  that 
an  astronomical  check  can  be  practically  utilised. 

445.  When  Astronomioal  'Check'  oan  be  Used. — For 
admitting  an  error  of  20  feet  in  every  mile  of  triangulation  with 

the  best   instruments,  or 
^  300  feet  per  mile,  using  a 

10-foot  pole  and  prismatic 
compass;  by  the  difference 
of  astronomical  observa- 
tions with  the  sun  or  with 
stars,  a  position  can  only 
be  practically  obtained 
within  about  600  feet  be- 
tween any  difference  of 
latitude  and  longitude, 
however  near  together 
the  places  may  be;  but 
if  the  river  is  60  miles 
in  distance  as  the  crow 
flies,  or  in  diff.  lat.  or 
in  diff.  long.,  the  distance  in  error  might  be  from  1200  to 
18,000  feet,  depending  upon  the  means  adopted,  whereas  the 
astronomical  diff.  of  latitude  and  longitude  might,  and  should, 
only  be  the  same  as  before,  that  is,  600  feet.  Taking  the  other 
extreme,  a  river  two  miles  long,  even  with  a  10-foot  pole  and 
compass,  would  be  within  600  feet  of  being  correct,  and  difference 
of  astronomical  positions  would  not  therefore  be  a  check.  Hence, 
then,  in  a  river  thirty  miles  long,  the  difference  of  the  astronomical 
positions  at  both  ends  of  the  river  will  check  the  Afield'  work 
when  the  best  instruments  are  used. 

A  river  of  such  a  length  would  have,  probably,  a  wide  enough 
entrance,  and  be  wide  enough  for  the  greater  part  of  its  coiirse 
for  a  systematic  triangulation  with  the  best  instnmients;  and 
there  would  also  possibly  be  such  high  ground  sufficiently  far 
back  from  the  banks  to  enable  a  '  main '  triangulation  to  be  made, 
while  the  triangulation  of  the  banks  would  be  secondary  to  it 
(see  fig.  171,  in  which  the  A's  belong  to  the  main  outer  triangula- 
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tion,  the  Q  ^  ^^^  secondary  triangulation  of  the  bank); 
whereas  the  pole  and  compass  is  only  intended  for  an  offshoot 
to  such  a  river,  extending  probably  at  no  great  distance,  and 
astronomical  positions  could  hardly  be  resorted  to  in  such  a  case, 
though  there  may  be  occasions  when  there  is  nothing  else  to 
go  by. 

446.  Survey  of  a  Creek  by  Patent  Log  and  Compass. 
— In  such  creeks  or  of&hoots  a  rougher  and  quicker  method  of 
obtaining  the  bearings  and  distances  from  point  to  point,  is  by  a 
patent  log  and  a  compass  bearing.  The  boat  is  run  in  mid-stream 
from  off  one  point  to  abreast  of  another,  the  distance  run  between 
the  two  being  registered  by  patent  log,  and  the  direction  of  the 
boat's  course  noted.  And  on  the  return  journey,  the  operation  is 
repeated,  the  distances  and  bearings  going  and  returning  are 
meaned,  and  the  line  of  the  banks  sketched  in. 

Find  the  error  of  the  boat's  compass,  before  starting,  by 
noting  the  direction  it  points  when  going  between  positions  fixed 
by  sextant  angles — the  difference  between  the  course  by  compass 
and  the  true  direction  will  be  the  total  error  on  that  course.  If 
the  means  are  at  hand  (see  par.  467),  it  will  lessen  the  labour  if 
the  strength  of  the  stream  is  ascertained  from  the  boat  anchored 
at  the  beginning  and  end  of  the  work,  and  its  rate  allowed  for  in 
the  patent  log  distances ;  but  this  method  cannot  be  so  accurate 
as  when  these  distances  are  run  both  going  and  returning,  though 
it  may  be  more  expeditious. 

The  distance  across  at  any  part  will  have  to  be  estimated.  The 
simplest,  and  perhaps  least  deceptive  scale  of  measurement  to 
go  by,  would  be  the  length  of  one's  own  boat. 

As  before  explained,  if  it  is  possible  to  reach  a  point  of  vantage 
at  the  head  of  the  river,  or  near  it,  or  in  fact  at  any  stage  so  that 
other  objects  of  the  general  or  '  main '  triangulation  are  visible, 
then  a  *  fix '  by  them  shovdd  if  possible  be  obtained ;  or,  if  not  an 
absolute  fix,  a  single  line  checking  either  the  bearing  or  the  dis- 
tance, and  the  previous  work  readjusted. 


CHAPTER  V. 
SURVEY  OP  A  RIVER  MOUTH. 

447.  Example  of  a  sv/rvey  of  the  entrance  to  a  river^  and  of  a 
triangulation  along  its  banks.     (See  Plate  III.) 

The  following  are  the  details  of  how  the  work  was  started : — 

Mound  is  known  as  an  established  point  of  the  main  triangulation, 
either  Ordnance  or  Hydrographic,  and  it  will  be  the  connection 
between  either  of  these  and  the  work  which  follows. 

If  it  has  no  existence  in  either,  its  latitude  and  longitude  must 
be  found  independently,  or  some  other  spot  connected  with  it 
must  be  so  found. 

It  will  be  best  to  take  a  preliminary  look  round ;  make  a  rough 
sketch,  and  see  what  is  visible  and  from  where ;  then  arrange  the 
general  idea,  with  a  view  to  the  position  of  the  main  /^  (see 
Plotting  SideSy  p.  194,  par.  394).  Think  out  the  scheme  with 
regard  to  what  is  to  follow,  then  decide  what  places  the  marks 
shall  occupy,  and  which  marks  must  be  visible  from  each  other. 

In  the  present  example,  a  mark  is  erected  at  Sand  Point,  also 
at  Tree,  and  at  the  other  places  shown  on  Plate  III. , 

Spit  is  visible  from  Mound,  and  also  from  Sand  Point ;  it  is 
purposely  placed  so. 

Sand  Point  to  Spit  is  adopted  as  the  plotting  side,  for  reasons 
that  have  been  well  considered. 

The  scale  adopted  was  6  inches  =  1  mile  =  6050  feet. 

It  was  a  somewhat  large  scale ;  but  let  us  suppose  there  were 
sufficient  reasons  to  justify  it,  there  was  no  time  pressure  held 
over  the  surveyor,  and  there  would  be  ample  opportunity  and  room 
on  the  paper  to  put  in  distinctly  every  detail ;  also  bear  in  mind 
that  the  eventual  publication  will  be  on  a  reduced  scale  to  the 
one  he  adopted ;  he  has,  moreover,  first^^lass  instruments,  includ- 
ii^g  &  &>od  theodolite,  and  a  good  observing  sextant,  and  chain, 
and  all  the  assistance  he  may  require. 

While  the  marks  were  being  put  up — and  the  party  so  doing 
must  have  a  clear  conception  of  the  general  outline  of  the  tri- 
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angulation — search  was  made  for  a  suitable  place  to  measure  a 
base. 

On  the  foreshore,  along  the  outer  coast,  to  the  southward  of 
Sand  Point,  there  was  a  sandy  beach ;  and  it  was  found  possible, 
by  slightly  moving  the  position  of  Sand  Point  mark  from  where  it 
was  originally  erected,  to  chain  a  length  along  this  beach  in  a 
direction  with  Mound  in  line  with  Sand  Point ;  and  an  angle  of 
elevation  of  Moiuid  was  taken  with  a  theodolite,  both  at  S  and  at 
B  (see  Plate  III.)  at  the  end  of  the  line  S  B  (see  Elevations,  p.  133). 
The  distance  chained  from  S  to  B  was  567  feet  This  was  all  the 
length  that  could  possibly  be  obtained. 

The  mean  of  the  elevations,  obtained  with  the  telescope  reversed, 
of  M  from  S  was  2'  50'  30" ;  and  from  B  was  T  2'  30*.  At  Sand 
Point  the  T.B.  of  Spit  was  found,  by  theodolite  angle  and  an 
altitude  azimuth  with  a  sextant,  to  be  N.  72**  14'  E.  (see  Altitude 
Azimuth,  p.  147,  par.  317).     The  variation  is  15"  W. 

The  following  angles  were  observed  from  the  various  marks : — 


At  Mound 

^,  Spit 

360" 

00' 

Round 

4 

30 

Stone 

18 

20 

MidS 

42 

02 

Sand  Pt. 

77 

34 

Tree 

96 

10 

Z.O.K. 

At  Sand  Point,  Elbow 

16" 

50'  Spit 

1 
« 

r  50'  Round. 

MidN 

27 

55    „ 

5   50  Stone. 

Mound 

68 

20    „ 

18  50  Mid  S. 

Tree 

89 

20 

At  Spit,  Mid  S  Sand  Pt.  16  50  Tree. 

^  Stone     11   02  „       18  30  MidN. 

Round    58  02  „       28  00  Elbow. 

34  15  Mound. 

At  Elbow,       Mid  S        21   55  Sand  Pt.  21   05  Mid  N 
Stone         45  05 


Round      125   40 
Spit         135  00 


At  Mid  S,       Elbow        16   10  Spit 

MidN  77  55 
Mound  92  50 
Tree  118  28 
Sand  Pt.    57   08  Mound. 
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From  those  observations  the  following  complete  triangles  were 

picked  out : — 

aSPM  aSPE 

Sand  Point  68'  20'  -  4  Sand  Point    16"  50'  +  2 

Spit             34    15-1  Spit               28   00+3 

Round         77    34-4  Elbow          135   00+5 


180  09  179   50 

InASPMidS,S    18'50'  +  2  In  A  PM  MidS,  P  45' 17' -  2 

P    11   02  +1  M  42  02  -2 

Mid  S  149   58+7  Mid  S  92   50  -  5 


179   50  180  09 

The  +  and  -  were  the  adjustments,  to  make  the  sum  of  the 
three  angles  in  each  triangle  =  180^  (See  Adotntw^nt  of  Angles^ 
p.  232,  par.  434.) 

The  continuation  of  the  triangulation  up  the  river  is  a  repetition 
of  the  above,  and  is  not  given ;  this  part  of  it  can  now  be  plotted. 

The  first  thing  will  be    to 

M__^ ^J, .. find   the   bearing   and   dis- 

^*S5;5;^^  tance  of  the  plotting   side, 

^^^v^;;^^^.,,^^  Sand  Point  to  Spit. 

^^"^^^^-^^^^^^^  It  is  really  not  necessary 

^\^^^^'^>^^^^  to  know  exactly   this   true 

^v^  ^^'"^"v^        bearing   and   distance — the 

S     567     B      triangulation  can  be  plotted 
Fio.  172.  without — but  anyway  it  is 

better  to  know^  both  approxi- 
mately, before  anything  is  placed  on  paper,  so  that  the  eventual  scale 
w^illbenear  the  one  desired  (see  an  example  of  this  on  p.  376,  par.  591). 
For  illustration's  sake,  the  true  bearing  and  distance  will  be  admitted 
as  having  been  calculated  first;  the  T.B.  being  N.  72'  14'  E. 
Referring  to  fig.  172. 

448.  Plotting  Sides  found  from  Elevations  for  Two 
Points. — N  S,  the  distance  from  Sand  Point  to  Mound  (see  fig.  172), 

=  MS.cosMSN 

1.  =  M  S .  cos  2'' 50' Stf'. 

2.  M  S  =  B  S .  sin  M  B  S .  cosec  B  M  S  (difference  of  elevations) 

=  567  .  sin  2"  29'  30" .  cosec  0'  21'  00*. 

3.  N  S  =  567  .  sin  2"  29'  30" .  cosec  0'  21' .  cos  2"*  50'  30". 

logNS    2-753583 

log  sin  2**  29'  30"    8638230 

log  cosec  0   21  9-994466 

log  cos  2   50  30   12-214057 

log  3-605337  =  4033  feet. 
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Note  here  the  cosec  of  the  small  angle,  wherein  a  small  error 
will  make  a  considerable  difference  to  the  value  of  N.S ;  and  the 
utmost  care  would  have  to  be  taken  in  obtaining  a  length  by  such 
means ;  it  is  only  given  here  to  show  what  can  be  done  under  such 
conditions.  To  supplement  the  angles  of  elevation,  another  angle 
should  be  taken  at  Mound,  viz.  the  angle  S  M  B ;  and  with  a  sextant 
would   give   better   results    than 

with    a    theodolite,    because    the  ^P(Spit) 

radius  of  the  sextant  is  much 
larger  than  that  of  the  vertical 
arc  of  the  theodolite,  and  it  is 
more  closely  graduated :  the  angle 
would  necessarily  be  measured 
both  *  on '  and  *  off'  the  arc. 

The  angle  B  M  S  is  the  differ-  _ 

ence  of  depressions  or  elevations  S(SandP?) 

on   which   the   value  of   N  S  so  Fio.  173. 

much  depends ;  and  if  it  does  not 

agree  with  the  difference  of  elevations  as  found  with  the  theodolite, 
these  angles  wovdd  have  to  be  adjusted  to  it — in  fact,  in  A  M  S  B, 
the  three  angles  must  make  180*". 

In  A  MSP,  fig,  173,  M  to  S  corresponds  with  the  NS 
previously  calculated  => 4033  feet;  and  there  is  the  complete 
triangle  (see  above) 

Mound  ir  30' 
Sand  Pt.  68  16 
Spit  34    14 


180   00 

Find  the  distance  Sand  Point  to  Spit. 
Let  Sand  Point  be  S,  and  Spit  be  P. 

Then  S P  =  SM . sin  M  cosec  S. 

=  4033  .  sin  77'  30' .  cosec  68"  16'. 

log  4033  3-605337 

sin  77''  30'        9989581 

cosec  68   16        10-031522 


log    3-626440  =  4231  feet  =  S  P. 
The  scale  adopted  is  6  inches  =  6050  feet. 

Therefore  4231  feet  =  1^ .  6  =  4196  inches  of  paper. 

The  observed  bearing  of  Spit  from  Sand  Point  is  N.  72**  14'  E., 
and  the  distance  is  4*196  inches ;  lay  down  the  two  positions  on  the 
paper  as  described  in  plotting  on  p.  221,  and  from  each,  project 
the  angles  observed ;  and  since  it  is  on  so  large  a  scale,  each  angle 
shovdd  be  projected  by  the  chord  method  (see  p.  56,  par.  151); 
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and  the  objects  as  shown  in  the  sketch  are  plotted.  At  this  stage 
of  the  work  there  should  be  practically  no  *  cocked  hats.' 

From  the  points  plotted,  the  triangulation  continues  onwards 
up  the  river,  built  up  on  the  original  side,  Sand  Point  to  Spit,  and 
continued  on  the  side  Spit  to  Elbow,  just  as  has  been  explained 
in  the  triangulation  of  a  plan. 

Or,  if  the  river  here  narrows  to  a  creek,  or  the  banks  are 
inaccessible,  etc.,  the  continuation  can  be  carried  out  by  compass 
direction  and  patent  log  for  distance,  or  with  a  pole  10  feet  or  more 
long.     (See  Coast-lining  with  a  lO-Foot  Pole,  p.  238,  par.  439.) 

Some  way  up  the  river,  suppose  there  is  another  convenient 
Mound,  X,  that  can  be  connected  with  the  work  (see  Plate  III.) : 
use  may  be  made  of  this,  and  an  attempt  made  to  '  fix '  it,  from 
some  point  back  on  the  first  part  of  the  triangulation,  by  a  true 
bearing  and  angles. 

If,  however.  Mound  M  only-  is  in  sight,  then  a  true  bearing 
should  be  taken  of  it ;  this  will  not  *  fix '  Mound  X,  but  will  only 
give  a  line  of  direction  to  it ;  laid  off  at  Mound  M  from  the  true 
meridian,  it  will  be  a  check  on  the  slue  of  the  last  bit  of  work,  but 
no  check  as  to  distance. 

The  survey  having  proceeded  as  far  as  is  intended,  there  is  more 
or  less  a  vast  accumulation  of  errors— errors  of  observation  and 
of  plotting,  and  therefore  in  the  bearing  of  the  end  of  the  work 
from  the  beginning,  and  also  in  the  .total  distance. 

What  is  required  then  is,  if  possible,  to  check  the  total  errors. 

Either  there  is  nothing  available,  or,  if  there  is,  it  is  not  visible 
from  the  original  Mound  A  >  or  only  Mound  A  <^i^  ^^  sighted ; 
or  Mound  and  one,  or  perhaps  two,  other  of  the  original  marks 
can  be  sighted  ;  or,  again,  it  may  be  possible  that  the  other  Moiind, 
X,  alluded  to  can  be  seen  from  Mound  M. 

In  the  first  case,  if  nothing  is  visible,  there  is  nothing  for  it  but 
to  *  fix '  astronomically,  that  is,  find  the  latitude  and  longitude  of 
the  halting-place. 

This  will  give  an  *  absolute'  position — that  is,  a  position  not 
depending  on  any  other  resvdts  obtained  by  the  same  means.  This 
*  absolute '  position  can  be  compared  with  the  latitude  and  longi- 
tude of  Mound  and  the  bearing  and  distance  from  it  deduced : 
there  is  a  limit  to  the  distance  that  makes  an  astronomical  fixing 
effective  (see  p.  248,  par.  445). 

But,  if  the  latitude  and  longitude  of  Mound  has  been  derived 
from  an  outside  triangulation.  Ordnance  or  Hydrographic,  and 
the  observations  made  are  with  artificial-horizon  sights,  the 
difference  of  latitude  and  the  difference  of  longitude  of  the  two 
positions,  will  not  be  so  satisfactory  as  when  the  same  observer,  with 
the  same  instruments,  makes  his  own,  and  probably  equal  errors, 
at  both  places ;  for,  in  this  last  case,  since  the  errors  are  much  the 
same,  the  difference  of  results  will  be  far  more  accurate  than  if 
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the  difference  is  deduced  from  a  comparison  between  the  observa- 
tions made  by  the  surveyor  and  those  made  by  someone  else. 

Hence  it  will  be  better,  under  the  conditions,  for  the  same 
observer  to  take  observations  for  latitude  at  both  ends,  and  to  find 
the  difference  of  longtitude  by  meridian  distances.  (See  Meridian 
Distances,  p.  415.) 

If  Mound  A  only  can  be  sighted,  a  true  bearing  must  be 
obtained  of  it ;  and,  since  in  the  present  case  this  will  give  a  line 
nearly  east  and  west,  it  could  make  amends  for  omitting  to  take 
observations  at  Mound;  for  then,  admitting  the  astronomical 
position  of  mound,  the  difference  between  it  and  the  position 
found  by  observation  will  be  'checked'  by  that  true  bearing 
line ;  or,  again,  with  such  an  east  and  west  line,  astronomical  lines  of 
position  near  north 
and  south  might  be 
sufficiently  satisfac- 
tory. This  entails 
equal  altitudes,  for 
longitude  only. 

Lastly,  if  Mound 
A  wid  another,  or 
any  two  others  in  the 
triangulation,  are  to 
be  seen,  then  the 
position  can  be  deter- 
mined  by  a  true  bear- 
ing  to  one  of  them,  and  angles  to  the  others. 

For  example,  in  fig.  174  let  M  be  Mound,  the  A  be  fixed  on 
the  paper,  and  X  the  last  point  on  the  river  arrived  at.  Let  N 
be  another  point  whose  geographical  position  can  be  ascertained 
from  the  Main  Hydrographic,  or  the  Ordnance  Survey  of  the  coast. 
Its  position  is  not  plotted  on  the  paper  we  are  working  on.  We 
then  have  the  latitude  and  longitude  of  both  M  and  N ;  and 
hence  diff.  lat.  and  diff.  long.,  from  which  the  Mercatorial  bearing 
and  distance  can  be  deduced. 

Let  lat.  M  be     50' 30' N.  long.  M        15"*  00' W. 

lat.  N  50  40  long.  N        14   00 

diff.  lat.  10  diff.  long.  60 

Dep.  =  60' .  cos  50"  35'  (mid.  lat.) 
=  38-1  miles  0  N  (see  fig.  174). 


Fio.  174. 


OM 
ON 


=  tan  O  M  N  (the  Mercatorial  bearing  of  N  from  M), 


ON-  38-1  miles,  and  O  M  (diff.  lat.)  =  10', 
^  =  3-81  (log  natural  tan)  =  75-  17'  -  0  M  N, 

and  0  N  M  =  90''  -  75"  17' =  14"  43'. 
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To  find  the  distance  between  M  and  N. 

NM  =  OM.BecOMN 
=  10.8ec75M7' 
=    10.  3-9363  =  39-363  miles. 

440.  Calculating  Bearing  and  Distance  between  two 
Places  by  Spherical  Triangle. — The  result  may  be  calculated 
by  spherical  triangle  instead  of  by  traverse  ;  for  (see  fig.  175) 

A 

M 

Fio.  176. 

MPN  =  diff.long.  =  l';   P M  =  co-lat.  of  M - 39' 30' ;  PN  =  co-lat. 
of  N  =  39*  20' ;  P  M  N  =  true  bearing,  and  M  N  =  distance. 

To  find  M  N— 

loghav  1"  0'  5-881684 
log  sin  39  30  9*803510 
log  sin   39   20     9801973 


difference      0   10     5*487167  hav  =  0*  38'  06' 
vers,  log  0'  38'  06"    0000061 
vers,  log  0   10  00      0000004 


vers.  00Q0065  =  0'  39'  22"  =  39  36, 
which  is  the  same  as  before. 

To  find  angle  P  M  N— 

log  cosec  39"  30'  0"     10-196490 

logcosec     0   39  22       11941065 

38  50  38 

39  20  0 


log  i  hav  78   10  38        4-799700 
log  I  hav     0   29  22        2 -630668 

hav    9-567923  =  74'54'07". 
The  true  bearing  of  N  from  M  is  therefore  N.  74*  54'  07"  E. 
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450.  Application  of  Convergency. 

Convergency  =  diff.  long. .  sin  mid.  lat 

=  60.772  =  46-32  =  46'  19". 

True  bearing    N.  74'  54'  07"  E. 
J  convergency  +    0   23  09 

Merc,  bearing  N.  75   17  16   E. 

And  this  agrees  with  the  bearing  found  by  traverse. 

Let  the  true  bearing  of  M  from  X  be  N  60°  15'  W,  and  the 
angle  at  X  between  M  and  N  be  70*  55' ;  then 

1.  To  find  the  MenxUorial  bearing  of  M  from  X,  the  diff.  long, 
being  60',  and  the  mid.  lat.  =  50'  35'. 

Convergency  »  diff.  long. .  sin  mid.  lat. 
=  60' .  sin  50"*  35' 

log  60'  1-778151 

log  sin  50*  35'    9-887926 


log     1  -666077  =  46-35'  =  46'  21 


// 


The  true  bearing  of  M  from  X  is  N.  60'  15'  W. 

^  convergency     +0    23  W. 


The  Merc,  bearing  is  therefore       N.  60  38  W. 

Therefore  the  Mercatorial  bearing  of  X  from  M  is  S.  60*  38'  E. 
And,  since  the  Merctaorial  bearing  of  N  from  M  is  N.  75*  17'  £., 
therefore  the  angle  at  M  between  N  and  X  is  44*  05'.  The  angle 
at  X  between  M  and  N  was  70*  55'. 

Then  the  angle  at  N  between  M  and  X  is  180*  -  (70*  55'  +  44*  05') 
=  65*  00' ;  and 

inMNX,  M  =  44*  05' 
N  =  65  00 
X  =  70    55 


180    00,  M  N  =  39-36  miles. 

It  is  required  to  find  the  distance  M  X. 

M  X  =  M  N  .  sin  44*  05' .  cosec  70*  55' 

logMN       1-595340 

sin  44*  05'      9-842424 

cosec  70*  55'     10024548 


log      1-462312  »  29-0  miles. 

17 
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This  is  the  distance  of  X  from  M,  and  can  be  laid  off  from  M  on 
the  bearing  of  S.  60"  38'  E.  and  fixes  X. 

As  this  position  of  X  is  sure  to  differ  from  that  found  by 
triangulation,  all  the  other  points  in  the  triangulation  will  have  to 
be  readjusted.  If  rigid  accuracy  is  aimed  at,  this  involves  a  con- 
siderable amount  of  calculation,  since  every  side  of  every  triangle 
would  have  to  be  corrected. 

For  example,  suppose  there  has  been  a  constant  error  made, 
and  the  whole  distance  to  be  1  inch  of  paper  (roughly  1000  feet) 
too  long,  and  ^°  out  in  bearing,  equivalent  to  1*5  inches  at  right 
angles  to  M  P. 

In  fig.  176  let  T  be  the  true  position,  and  0  the  observed. 


Fio.  176. 

From  T  draw  T  P  at  right  angles  to  M  O,  where  M  O  is  29  miles 
and  M P T  is  J°.  MP  can  be  considered  equal  to  M T,  and  P 0 
equals  1  inch,  or  1000  feet,  the  amount  in  error  in  distance,  while 
P  T  is  the  amount  in  error  at  right  angles  to  P  M  or  P  T. 

Let  6  be  a  plotted  point,  distant  12  miles  from  M. 

From  b  draw  bx  at  right  angles  to  M  P ;  Ma: »  Mb  cos  2»Ma;. 

Let  bMx  =  30' ;  then  Mar  =  1 2 .  cos  30"  =  104  miles. 

Error  in  Mx  :  error  in  M  P  : :  Mx  :  M  P  or  M  T ; 

_         .    _-        error  in  MP    _,       10*4 

Error  m  Mx  =      —  ^m .  Ma?= -^o"  inches  =  '36  inch  ; 

and  Mx  will  have  to  be  moved  towards  M  *36  inch. 

For  the  error  in  bearing,  project  at  M  the  angle  6M6'  =  ^*. 
From  X  draw  x  b'  parallel  to  bx  intersecting  Mb'  in  b' ;  then  b*  is 
the  corrected  position  of  b. 

If  necessary,  all  the  other  stations  can  be  similarly  moved,  and 
the  coast-line  either  re-plotted  or  otherwise  fitted  in.  If  the 
positions  M  and  0  are  connected  astronomically,  the  same  process 
is  carried  out,  only  the  positions  are  shifted  in  latitude  and  longi- 
tude— that  is  north  or  south,  east  or  west,  in  their  proportions  of 
the  total  error  in  latitude  and  longitude  between  the  astronomical 
and  triangulated  positions.  For  a  complete  readjustment  of  this 
kind,  see  Appendix  Y.  • 

It  may  be  suggested  here,  that  if  from  X,  fig.  174,  more 
objects  than  M  and  N  are  visible,  then  a  large  '  outer '  triangula 
tion  could  have  been  made  from  M ;  and  from  some  of  the  points 
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of  this  triangulation,  that  of  the  river  bank  could  have  been 
connected  to  it  from  time  to  time ;  and  this  is  in  fact  what  will 
occur  when  practicable  (see  fig.  171,  p.  248). 

There  would  then  be  an  'outer'  triangulation,  with  the  sides 
of  the  triangles  some  considerable  distance  apart,  perhaps  10  miles 
or  so ;  and  inside  of  these  the  *  secondary '  triangulation  of  the 
river  banks  would  have  its  place,  with  far  better  results  than  if 
carried  out  independently,  and  afterwards  squared  in. 

To  put  in  the  coast-line  between  the  points  : — 

Commencing  on  the  north  side  at  Tree,  Twig    8*  Mid.  N. 

Rock  19 

At  Rock,  trend  on  50  yards  IS**  0'  Mid.  N. 

At  Twig,  Tree    9°  Rock 

15   trend  back 

At  Mid.  N.,  Tree    8"  Rock 

21    Twig 

From  Tree  to  Mid.  N.  was  a  sandy  beach. 

At  Mid.  N.  H  mangrove  5"  Elbow. 

At  Elbow,  Mid.  N.  5"  |-  mangrove. 

In  a  similar  manner  the  remainder  of  the  north  side  was  done, 
and  the  south  side  in  much  the  same  way ;  or  by  a  combination 
of  fixing,  by  station  pointer  from  the  marks  on  the  opposite  shore ; 
and  as  described  in  Coast-lining^  p.  235,  par.  437. 

For  the  plotting  of  these  see  fig.  177. 


man 


Tree 


Mid.N 
Fio.  177. 


For  the  outer  coast : — 

461.  Example  of  Coast  by  lO-Poot  Pola—North  side 
with  a  10-foot  pole  and  prismatic  compass. 
At  Tree  sent  pole  on, 

pole  (1)  2-  40'  bearing  324 J'' 
pole  (2)  1    05        „        313 

The  angles  are  those  subtended  by  the  pole,  measured  *  on '  and 
*off'  the  arc  of  the  sextant,  and  the  bearings  are  all  read  from 
magnetic  north,  the  variation  being,  as  stated,  15"  W. 
A  10-foot  pole  table  is  required  (see  p.  238). 
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A  number  of  magnetic  meridians  are  drawn,  from  which  the 
bearings  are  laid  off  with  the  protractor,  as  explained  in  CooH- 
lining,  par.  439.  Pole  (1)  and  pole  (2)  leave  a  small  mark,  such 
88  one  stone  standing  on  another. 

The  observer  goes  to  the  mark  made  at  pole  (1). 

pole  (2)    r  40' bearing  308°. 
At  pole  (1)         pole  (2)  31    30  grass, 

reef  Rock  38  00  pole  (2). 

Then  the  observer  goes  to  the  mark  of  pole  (2)  and  sends  the 
pole  on  to  (3). 

At  pole  (2)        grass  33°  00'  pole  (l)'s  mark ;  bearing  128J'* 
pole  (1)  86   30  reef  Rock 
pole  (3)     116  bearing  325* 
etc.  etc.  etc.  etc. 

This  was  the  system  by  which  the  poles  were  *  fixed '  on  the 
foreshore,  and  objects  along  the  high- water  line  *  shot  up '  from 
them,  as  explained  on  p.  240. 

The  south  shore  was  done  in  a  somewhat  different  manner: 
the  *  fixes '  were  obtained  by  leaving  the  pole  at  Sand  Point,  and 
taking  a  bearing  of  and  a  distance  from  it. 

*  Fixes'  (1),  (2),  and  (3)  are  on  the  outer  edge  of  the  dry  fore- 
shore, or  in  a  boat  aground  on  the  edge  of  the  mud. 

At  (1)  pole  at  Sand  Point     V  00'        bearing  N. 

Sand  Point    29  00  a  | 

90  00  b>  mangrove  bushes. 
118   00  c) 
At  (2)  pole  at  Sand  Point     0   35         bearing  333*. 

Sand  Point     2   00  a 

9   00  6 
0  00  c 
position  (1)  back   20   00         Sand  Point. 

Then  the  pole  was  sent  on  to  (3). 

pole  at  (3)  1*  06'  bearing  122^ 

At  pole  (3)  position  (2)  back     1 T  00'     Sand  Point. 

a  0  6  0  Sand  Point. 
Sand  Point    15   00     c 

And  so  the  outer  coast-line  was  put  in. 

Sov/nding  inside  the  river : — 

Since  each  of  the  stations  Tree,  Mid.  N.,  Elbow,  Sand  Point, 
Mid.  S,  Stone,  Round,  etc.,  were  marked,  they  would  be  used 
for  *  fixing '  the  position  of  the  boat  when  sounding ;  in  this  case 
both  for  inside  the  river  as  well  as  for  outside. 


Plat  em 


Note 
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A  tide-pole  was  erected  at  Sand  Point. 

(As  this  example  was  to  illustrate  the  plotting  of  the  triangula- 
tion  and  of  the  coast-line,  the  tide-pole  readings  are  omitted.) 

The  soundings  given  are  plotted  to  show  what  part  the  coast 
line  marks  played  in  '  fixing '  the  boat  while  sounding. 
Soundings  in  feet : — 

IX.  00  A.M.    At  ship,  Mound  83'  00'  Tree     28'*  00'  Sand  Pt.  45 
Shoved  ofif.  Steered  towards  tree. 
41  39  27  35  33  31  29 

Mound  17   40  Tree     50    10  Sand  Pt.  25 
22  19  16  13  10  10  16 

IX.  30  Mound  42   30  Mid.  N.  40  00  Spit         23 

38   30  44   30  36 

30  30  28  24  24  28 

Mound  12   50  Tree    50   40  Sand  Pt.  33 
X.  15  6   40  52   40  37 

33  29  27  27  29  31  37 

Mound  34   30  Tree     48   00  Spit         44 
X.  40  32   00  52   30  42 

36  32  29  29  29  32  34 

XI.  00  Mound    2   00  Tree     52   40  Sand  Pt.  39 

etc.  etc.  etc.  etc. 


The  tide  reductions  were 

IX.  00 

9  feet. 

IX.  30 

1 1  feet. 

X.  00 

12  feet  3  inches. 

30 

14  feet. 

XI.  00 

16  feet. 

462.  Extending  the  Soundings  Seaward ;  Marks  Neces- 
sajry,  and  how  to  Fix  them. — It  will  be  notic^  that  the  extent 
of  the  sounding  outside  the  bar  is  limited;  this  is  due  to  an 
insufficiency  of  marks  to  ^  fix '  by ;  and  it  might  be  advantageous 
to  extend  the  work,  both  further  out,  and  further  to  each  side  of 
the  bar.  But  there  are  not  sufficient  objects,  suitably  placed,  to 
'  fix '  the  boat ;  Mound  can  still  be  used  as  a  left  object,  and  Tree 
or  Sand  Point  as  middle  objects ;  but  means  must  be  found  to 
find,  or  erect,  a  right  object,  and  to  *  fix '  its  position. 

If,  so  far,  the  subject  1ms  been  carefully  followed  and  understood, 
some  means  will  be  devised  to  *fix'  a  natural  object  (if  there 
is  one),  or  one  erected  for  the  purpose,  on  the  shore  south  of 
Sand  Point,  or  on  the  simimit  of  a  rise  or  hillock ;  or,  failing  these, 
a  floating  mark,  boat,  or  beacon  moored  in  the  required  position. 

To  '  fix '  any  of  them,  it  may  be  necessary  to  take  an  angle  to 
it  from  Mound,  in  which  case  it  must  be  visible  from  Mound. 
(See  Example  1,  p.  198.) 

Taking  the  very  worst  contingency,  if  the  erected  or  natural 
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mark  is  not  visible  from  any  of  the  *  fixed  *  stations,  it  will  have 
to  be  *  shot  up '  (see  p.  233)  from  three  boat  positions,  each  position 
being  *  fixed,'  so  far  as  is  practicable,  by  a  *  direct '  angle  from  one 
of  the  stations,  and  'calculated'  angles  from  Mound  and  two 
stations.     (See  Example  1,  pp.  203,  204.) 

453.  Example. — To  *fix'  the  position  of  the  supplementary 
mark  X,  placed  on  the  coast  for  the  purpose  of  extending  the 
soundings  beyond  the  limits  of  the  entrance. 

1st  case.  Suppose  X  is  visible  from  M  only  (see  fig.  178). 

M  will  take  angles  P  to  X, 

P  to  boat. 

M 


Fig.  178. 

Let  B  be  the  position  of  the  boat  placed  in  that  position  for 
the  purpose  of  fixing  X  :  angles  to  B  are  also  taken  from  S  and  P. 

1.  The  angles  projected  from  these  places  (M,  P,  S,  sec  arrows) 
fixB. 

The  following  angles  are  taken  at  B :  — M  to  Spit, 

MtoX. 

2.  There  will  now  be  two  lines,  as  shown  in  fig.  178,  projected 
through  X — one  from  Moimd,  and  the  other  from  B. 

At  X  take  the  angle  between  M  and  B. 

In  A  M  P  B  we  have  the  three  angles  M,  P,  B,  and  the  length  of 
side  M  P  is  known  from  the  triangulation  ;  then  find  P  B  and  M  B. 

In  A  B  M  X  the  three  angles  have  been  taken,  and,  knowing 
M  B,  find  B  X. 

3.  In  A  BPX,  knowing  BP  and  BX  and  the  angle  PBX 
(observed  from  the  boat),  find  angle  BPX.  Project  this  angle  from 
J? ;  the  line  should  go  through  X.     Notice  thai  P  and  X  are  not 
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visible  from  WLch  other ^  yet  a  line  of  reference  has  been  calculated. 
The  thick  lines  in  the  figure  show  from  what  line  of  reference 
each  angle  should  be  projected. 

It  may  be  mentioned  here,  that  by  erecting  a  pole,  or  a  high 
staflF  at  M  or  at  X,  they  may  be  made  visible  from  each  other  over 
such  obstacles  as  trees. 

46  i. — The  second  case  alluded  to  is  when  X  is  not  visible  from 
any  of  the  previous  marks  (see  fig.  179). 


Tree^ 


Fio.  179. 


Then  fix  B^  thus : 


At  S  take  B^  to  M 
B^  toT 
At  B^  take  M  to  S,  also  S  to  X 
TtoS 

In  A  S  B^M,  S  »  observed 
Bi«       „ 
M  =  calculated 

180'  00' 
In  A  SB^T,  S  =  observed 
Bi=       „ 
T  =  calculated 

180'  00' 
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Project  the  *  direct '  angle  from  S ;  this  gives  the  line  S  B^ ; 
the  calculated  angle  from  M  gives  M  B^,  and  the  calculated  angle 
from  T  gives  T  B^. 

From  B^  project  the  angle  observed  S  to  X. 

The  boat  moves  to  B*,  leaving  a  small  buoy  at  B^  with  a  flag  on 
it,  so  that  it  shall  be  visible  from  B'. 

At  S,  B2  to  T,  At  B2,  T  to  S 

B^toS 
S  toX 

In  A  SB*T,  S  =  observed 
B*  = 
T  «  calculated 

180**  00' 

Project  the  'direct  shot'  from  S,  and  the  calculated  angle  from  T. 

1.  They  intersect  (badly)  at  B^. 

At  S,  the  angle  between  B^  and  B^  can  be  deduced ;  it  equals 
the  difference  between  T  S  B^  and  T  S  B^ 

In  A  S  B1B2,  S  =  observed 
B2  = 

B^  =  calculated 
180'  00' 

2.  Project  B^  (calculated),  and  it  should  go  through  the  position 
of  B^ :  B^  is  now  '  fixed '  as  well  as  one  can  possibly  do  so. 

3.  Now  project  the  line  B^  X,  and  this  *  fixes  *  X  by  two  *  shots.' 
Leave  a  small  buoy  with  a  flag  on  it  at  B^,  and  proceed  to  B'. 

4.  Do  the  same  there  as  at  B^. 

Or  the  distance  from  S  to  X  might  be  measured  with  a 
10-foot  pole,  or  chain,  or  levelling  staff,  with  a  theodolite,  both  from 
S  to  X,  and  from  X  back  to  S,  in  bits  shown  by  a  double  pecked 
line  in  fig.  179;  the  bearing  being  taken  with  a  compass,  and  X 
probably  *  fixed '  with  the  same  accuracy. 

A  moored  beacon,  or  a  boat  flying  a  large  flag  at  her  mast, 
could  be  'fixed'  in  the  same  way  as  described,  at  a  position 
indicated  by  B^  in  fig.  179,  p.  263. 

Beyond  this,  any  further  extension  of  the  work  must  be  under- 
taken by  a  vessel  fully  equipped  for  the  purpose. 


CHAPTER  VI. 
TIDES  AND  TIDE  REDUCTION. 

465.  Information  Belating  to  Tides  Neoeesary  in  a 
Chart. — An  attempt  will  here  be  made  to  offer  a  very  short, 
elementary  and  simple  explanation  of  the  movement  of  tides; 
bearing  in  mind,  that  it  is  in  order  to  obtain  the  datimi  neces- 
sary for  the  reduction  of  soundings  from  hour  to  hour,  as  well 
as  to  provide  the  information  relating  to  the  'establishment 
of  a  port'  and  the  'rise'  there  of  the  tide  at  'springs'  and 
'  neaps,'  all  of  which  are  required  on  a  chart. 

For  an  easily  digested  theory  of  tides,  the  student  should  by 
all  means  refer  to  The  Tides  Simply  Explained^  by  the  Rev.  J.  H. 
Moxly ;  and  for  other  details  on  the  subject  see  Admiralty  Tide 
Tables. 

456.  Beferenoe  to  DatunL — The  operation  of  soimding  has 
necessarily  to  be  carried  out  at  all  states  of  the  tide;  and  on 
every  chart  there  is,  or  should  be,  a  statement  of  reference  to  a 
mark  on  shore,  serving  as  the  datum  level  for  all  the  soundings 
shown;  hence  the  soundings  from  hour  to  hour  have  to  be 
referred  through  the  tide-pole  to  that  datum. 

457.  Datum,  that  of  L.W.  Ordinary  Springs.  —  This 
level  or  datum  is,  as  near  as  can  be  arrived  at,  the  level  of  low- 
water  ordinary  springs,  and  the  mark  on  shore  referring  to  it  is 
the  bench  mark. 

Without  some  elementary  knowledge  of  tides  and  their  apparent 
vagaries,  such  a  datum  would  be  the  wildest  guess-work. 

458.  Effect  of  Wind  and  Height  of  Barometer  on  Tides. 
— With  the  rise  and  fall  of  the  barometer,  there  occurs  a  greater 
or  less  pressure  of  the  atmosphere  on  everything.  With  a  strong 
wind  blowing  '  with '  the  direction  of  the  tidal  stream,  and  a  low 
or  small  atmospheric  pressure,  the  level  of  the  tide  in  a  harbour 
might  be  raised  several  feet;  whereas  with  a  wind  from  the 
opposite  direction,  and  a  reduced  barometric  pressure,  the  two 
influences  might  possibly  counteract  each  other. 
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A  high  barometer,  with  a  strong  wind  blowing  out  of  the 
harbour,  would  lower  the  level  of  the  tide ;  but  if  opposed,  the  two 
are  counteracting  each  other. 

The  effect  of  the  atmospheric  pressure  is  about  1  inch  of  level  of 
the  water,  for  ^\j^th  inch  of  change  in  the  reading  of  the  barometer. 

459.  Meteorological  Effects  not  to  be  Confounded  with 
a  True  Tide. — These  are  meteorological  disturbances  of  the  tide ; 
they  may  considerably  modify  the  true  tide,  and  must  not  be 
confounded  with  it. 

460.  Definition  of  a  True  Tide. — ^The  change  in  the  level, 
and  daily  rise  and  fall  of  the  water  at  any  place,  which  is  caused 
by  the  attraction  of  the  sun  and  moon,  and  which  produces  a  tide 
'  cone,'  is  called  a  true  tide. 

461.  Tide  Wave. — This  movement  takes  the  shape  of  a  *  wave,' 
which  forms  at  different  places  at  different  times,  and  recurs  at 
each  place  at  more  or  less  regular  periods. 

The  wave  or  cone  produces  a  gradual  rise  on  its  approach,  and 
a  gradual  fall  as  it  recedes,  though  neither  are  uniform. 

462.  Tidal  Stream. — ^As  the  tide  cone  or  wave  approaches 
shallower  depths,  or  recedes  from  them,  the  effect  produced  is  a 
horizontal  movement,  known  as  a  tidal  stream. 

463.  Effect  of  Tidal  Stream  over  Shallower  Water.— 
At  earliest  childhood  one  has  noticed,  that  as  waves  reach  the 
shore,  they  produce  a  rush  of  water  up  the  beach,  which  reaches 
further  when  the  tide  is  rising  than  when  it  is  ebbing. 

As  the  tide  *  rises '  over  *  shallows,'  or  over  a  *  bar,'  there  is  a 
stronger  stream  over  them  than  over  the  deeper  water. 

On  a  large  scale,  the  same  effect  is  produced  by  the  position  of 
the  tidal  *  cone  *  from  deep  to  shallower  water. 

Conceive  a  large  shoal  surrounded  by  deep  water ;  as  the  tide 
rises  or  falls,  the  tide  cone  is  passing  over  it,  and  the  tidal  stream 
flows  over  this  shoal  from  all  directions,  north,  east,  south,  or 
west ;  so  that  during  the  one  vertical  movement,  a  tidal  stream 
may  be  running  in  more  than  one  direction. 

464.  Tide  Wave  and  Tidal  Stream  not  S3mchronouB. 
— A  tide  may  be  rising  at  any  place,  and  owing  to  the  configursr 
tion  of  the  land  the  tidal  stream  may  be  running  east  for  the  first 
hour,  south  the  next,  and  perhaps  west  for  the  remainder  of  the 
time  the  tide  is  rising. 

Particularly  in  the  case  of  a  river,  it  may  have  been  noticed 
that  the  tidal  stream  continues  to  run  out  at  the  sides  of  the  river, 
while  the  tide  has  actually  commenced  to  rise;  and  later,  the 
tidal  stream  will  commence  to  run  up  the  river ;  in  this  case  the 
tidal  stream  has  actually  been  running  in  two  opposite  directions 
during  the  same  vertical  movement 

465.  Effect  of  Opposing  Tide  Streams. — When  two  tidal 
streams  meet  in  the  open  they  will  cause  '  eddies '  or  a  *  tide  race ' 
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or  'overfalls';  and,  under  certain  local  conditions,  if  they  are 
confined  by  land  immediately  near,  such  meeting  streams  will 
produce  a  temporary  change  or  cessation  in  the  vertical  movement 
of  the  tide. 

466.  *  Stand'  in  the  Tide. — For  example,  two  such  tidal 
streams,  as  shown  in  fig.  180,  meeting  at  any  part  of  the 
channel,  would  not  only  create 
eddies,  but  the  whole  body  of  the 
water  would  'stand,'  or  there 
might  be  a  slight  rise;  and, 
supposing  the  west-going  stream 
to  be  the  main  body  of  the  tide, 
while  the  south-east-going  stream 
is  an  interference  with  it,  then 
the  progress  of   the  dominating  Fio.  180. 

stream      will     be      temporarily 

stopped;    the  vertical  movement  of   the  tide   will,  in   fact,  be 

stopped    for    a    time,   until    the    main  stream  overpowers  the 

other. 

467.  Method  of  Observing  Tidal  Streams. — ^The  force  and 
direction  of  the  *  tidal  stream '  is  found  by  observations  made  at 
different  positions,  and  inserted  in  the  chart.     (See  Plate  IV.) 

A  boat  anchors  at  a  *  fixed '  position,  and,  by  means  of  a  *  log- 
ship  '  and  *  hour-glass '  (just  the  same  as  a  ship's,  but  the  log-ship 
is  on  a  larger  scale),  ascertains  the  strength  of  the  tide  in  knots ; 
the  direction  being  taken  by  the  angle  of  the  line  or  by  its 
bearing. 

The  tidal  stream  will,  as  has  been  pointed  out,  be  accentuated 
by  friction  of  the  land,  by  passing  over  an  uneven  bottom,  or  by 
shallow  water,  and  is  always  greater  in  a  river  than  in  the  open 
sea  or  in  deeper  water. 

The  log-ship  is,  however,  under  the  influence  of  wind  and  of  the 
consequent  surface  drift,  and  the  line  drags ;  for  more  accurate 
data,  more  elaborate  means  are  employed,  such  as  a  body  wholly 
immersed,  with  an  indicator  of  its  position  (see  Wharton). 

But  at  the  entrance  of  a  port,  at  the  periods  both  of  springs 
and  neaps,  it  may  be  calm  enough  on  many  occasions  to  allow  of 
the  use  of  either  a  tidal  log-ship,  or  a  float  with  an  indicator 
above  water,  or  of  drifting  in  a  boat,  the  position  of  which  is 
fixed  at  intervals  of  time. 

468.  Definition  of  a  Current,  as  Distinguished  from,  a 
Tidal  Streajn. — A  current,  on  the  other  hand,  is  a  surface 
stream  ;  and  either  a  more  or  less  constant  ocean  current  stream, 
or  a  local  current  drift  stream,  such  as  would  occur  at  places 
under  the  influence  of  trade  winds  or  of  monsoons  or  of  periodic 
winds;  in  any  case,  it  is  in  no  way  attributable  to  the  same 
causes  which  produce  tides,  although  the  total  strength  of  the 
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tidal  stream  is  influenced  by  it,  and  it  may  mask  the  true  tidal 
stream. 

469.  Information  Required  in  a  Chart,  H.  W.F.  and  C, 
and  Rise  of  Tide. — The  information  required  in  a  harbour  or 
river  for  the  purpose  of  sounding  reductions,  is  a  datum  of  the 
vertical  movement  of  the  tide. 

Vertical  movement  is  separated  into : — 

(1)  The  time  the  tide  wave  reaches  its  daily  maximum  and 
minimum,  as  well  as  its  periodic  maximum  and  minimum ;  hence 
a  time  datum. 

(2)  The  amount  of  its  daily  rise  from  hour  to  hour ;  and  hence 
a  height  datum. 

470.  Daily  Becurrenoe  of  High  and  Low  Waters. — 
The  interval  between  the  daily  maximum  (high  water)  and  the 
daily  minimum  (low  water)  is,  in  the  majority  of  places  within  the 
tropics,  about  6^  hours ;  and  high  and  low  water  occur  at  these 
places  twice  a  day. 

The  time  between  high  water  and  the  succeeding  high  water  is 
about  12  hours  and  24  minutes. 

471.  Normal  and  Abnormal  Daily  Tides. — Under  normal 

conditions,  the  movement  of  the 
tide  is  as  in  fig.  181  (a).  In 
places  it  may  be  either  as  in 
(6)  or  (c)  of  same  fig.  In  the 
last  two  cases,  it  is  due  to  the 
interferences  explained  in  par. 
466 ;  or  it  may  be  owing  to  the 
geographical  position,  and  the 
interposition  of  continents  be- 
tween the  place  and  the  posi- 
tion   of   the   tide    cone    (vide 

Fio.  181.  Moxly). 

Usually  the  interval  of  time 
between  H.W.  on  one  day  and  that  on  the  next  day  is  roughly 
24  hours  48  minutes. 

47:^.  Movement  of  Tides  Referred  to  Movement  of 
Moon. — Now  the  average  difference  of  the  moon's  passage  across 
the  meridian  from  day  to  day  is  about  48  minutes  (it  ranges 
from  40  to  65,  depending  on  the  distance  of  the  moon  from 
the  earth),  and,  since  this  corresponds  with  the  daily  retarda- 
tion  of  the  tide  wave,  the  moon  can  be  adopted  as  a  rough  clock 
for  the  time  of  tide,  calculating  from  her  time  of  meridian 
passage. 

473.  Actual  Tide  Wave  not  under  Moon. — But  the  actual 
daily  tide  does  not  reach  its  maximum  at  the  same  instant  that 
the  moon  is  on  the  meridian,  at  all  places. 

474.  Lunitidal  Interval. — The  interval  between  the  time  of 
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the  moon's  meridian  passage  at  any  place,  and  the  following  H.W. 
there,  is  called  the  limitidal  interval. 

475.  Age  of  Tide ;  Lagging. — A  tide  can  be  said  to  belong 
to,  or  to  be  associated  with,  the  moon  at  a  particular  date ;  and  it 
comes  about  that,  instead  of  exactly  following  closely  in  the  wake 
of  it,  the  tide  may  be  some  days  behind :  in  that  case  the  tide  is 
said  to  have  an  '  age.'  For  example,  the  *  derived '  tide  wave  in 
the  English  Channel,  on  its  arrival,  is  1^  days  later  than  the 
moon  with  which  it  is  associated :  in  its  progress  through  the 
Irish  Channel,  and  round  the  North  of  Scotland,  the  wave 
reaches  the  east  coast  of  England  2^  days  old,  or  2^  days  after 
the  age  of  the  moon  who  owned  it,  she  having  passed  the 
meridian  twice  in  the  interval.  A  tide,  for  instance,  belonging  to 
the  moon  whose  age  is  3  days,  may  follow  2  days  behind  her ;  and 
since  she  is  3  days  beyond  the  date  of  her  maximum  effect,  and 
the  tide  is  lagging  2  days  behind,  the  tide  is  only  1  day  beyond 

*  springs.' 

476.  Tides  Attributed  to  Sun  and  Moon. — A  tide  wave 
is  attributed  to  both  the  sun  and  moon  ;  that  caused  by  the  sim 
recurs  every  12  hours,  that  by  the  moon  every  12  hours  24 
minutes — that  is,  at  both  the  *  superior '  and  '  inferior '  transits. 

477.  Zero  for  the  Measurement  of  Time  of  Tide 
<  Sizigy '  Bstablishment. — The  zero  for  the  time  of  tide  at  any 
place  is  when  the  sun  and  moon  are  on  the  meridian  at  the  same 
instant,  %.e.  in  sizigy;  and  the  interval  (lunitidal),  to  the  H.W 
following,  is  the  establishment  of  that  particular  place  ;  and  hence 
is  the  time  datum.  This  is  calculated  for  the  time  the  moon's 
meridional  passage  was  0^  0"  0";  for,  this  hour  is  not  neces- 
sarily the  time  she  actually  passes  the  meridian  on  the  day  of 

*  new '  moon. 

The  establishment  of  the  port  (H.W.F.  and  C.)  is  required 
on  all  charts  and  plans ;  it  is  the  time  established  at  the  place  on 
the  day  of  F.  (full)  and  C.  (change  or  new). 

478.  Establishment  only  OccTirs  at  Sizigy.  —  The 
establishment  is  only  constant  on  that  occasion  of  coincidence. 

479.  Observations  for  Finding  Time  of  H.W.— To  find 
the  exact  minute  of  H.W.,  take  observations  for  about  ^  hour 
before  H.W.  and  L.W.,  at  intervals  of  about  ten  minutes,  noting 
the  times  of  the  highest  and  lowest.  For  anything  more 
elaborate,  refer  to  Admiralty  Tide  Tables,  Then  draw  a  figure, 
as  shown  on  p.  275. 

480.  Observations  for  Reducing  the  Time  of  H.  W.  to 
Sizigy. — The  passage  of  the  sun  and  moon  over  the  meridian  at 
the  same  instant  may  not  occur  during  the  stay  at  any  place ;  in 
such  a  case,  it  is  better  to  draw  a  curve  of  the  lunitidal  intervals, 
for  each  time  of  the  moon's  meridian  passage,  for  the  days  on 
which  the  time  of  H.W.  is  obtained,  and  to  deduce  the  position 
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of  the  lunitidal  interval  when  the  dqood's  passage  is  0  hr.  {see 
fig.  182). 

This  entuU  a  period  of  at  least  several  days  before  and  after 
the  new  or  full  moon. 


TTMBit 

H.W. 

interval. 

h.     m. 

h.   m. 

h.  m. 

10    33 

1  07 

2  34 

11  21 

1  51 

2  30 

4S1.  To  find  Time  of  Establislunent  ftom.  Tables. — But 
when  the  stay  does  not  include  these  datea,  then  (see  Admiralty 
Tide  Tablet,  or  Tables  1  and  2  in  App,  XIII.),  given  the  hour 
of  the  moon's  transit,  from  the  Nautical  Almanae,  and  having 
tiie  time  of  H.W.  as  before,  the  lunitidal  interval  is  deduced ; 
then,  depending  upon  the  age  of  the  tide,  which  must  be  accept«d 
from  the  Buirounding  geographical  position,  the  necessarj  correc- 
tions given  in  Tables  1  or  2,  App.  XIII.,  are  applicable. 

Example,  tc  find  the  time  of  moon's  meridian  pottage : — 

On  the  6th  June  I90S,  meridian  passage  (upper  transit)  is  5'' 66™ 
at  Greenwich :  the  difference  between  meridian  pass^es  on  6th 
and  7th  is  43".     Longitude  is  15°  W.  =  l''. 

Correction  for  longtitude  (see  Inman't  TaHet)=  +  2",  therefore 
time  of  moon's  transit  =  S""  56"  +  2"  =  5"  58". 

482.  'Spring  Tides.' — When  the  sun  and  moon  were  on 
the  meridian  together,  their  combined  tide  wave  produced  a 
'  spring '  tide,  though,  as  before,  the  actual  tide  wave  associated 
with  them  does  not  arrive  for  some  time  after,  usually  days  (see 
Age  of  Tide,  p.  269).  This  periodic  tide,  like  the  daily  one,  may 
be  said  to  be  dominated  by  the  time  of  the  moon's  meridian  passage 
and  her  declination,  etc. 

This  retard  of  the  tide  is  explained  by  Moily  as  not  being  the 
tide  cone  under  the  moon,  but  a  'derived'  tide  wave,  or  one 
retarded  by  *  interference '  (see  further  explanation). 

At  this  conjunction,  then,  of  the  sun  and  moon  the  tides  will 
rise  in  most  places  higher  above  the  mean  water-level,  and  fall 
lower,  than  those  both  before  and  after  the  coincidence. 

If,  in  fig  183,  M  be  in  the  position  of  the  moon  and  S  that  of 
the  sun,  both  with  declination  0",  i.e.  over  the  equator,  and  L  0  L' 
a  meridian  passing  under  them,  then  their  joint  action  produces 
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the  maTimnm  tide  wave  or  *  cone '  at  O  and  O'  (see  App.  XII.),  but 
not  necessarily  on  the  same  day  that  they  were  in  this  position ; 
it  depends  on  the  geographical  position  of  the  place,  which  is 
indicated  by  the  establishment,  and  age  of  tide.  If  the  earth  is 
moving  in  the  direction  shown  by  the  arrow,  then  a  place  in  latitude 
O'  will  pass  through  L.W.  at  C,  6^  hours  after;  and  12^  hours 
after  will  be  at  O',  again  at  H.W. 

483.  Lunar  and  Anti-lunar  Tide  at  'Superior'  and 
'  Inferior '  Passage. — In  fig.  184,  if  M  be  the  position  of  the 
moon,  and  S  that  of  the  sun,  then  a  place  in  latitude  O  will,  after 
passing  through  a  L.W.,  arrive  at  0^  and  again  have  a  H.W.,  but 
not  so  high  as  it  was  at  0;  in  this  case  the  day  tide,  which 
occurred  on  the  side  of  the  *  superior '  passage  of  the  sun,  will  be 
higher  than  the  night  tide.  Again,  a  place  O^  will  have  on 
arriving  at  0^  the  night  tide  larger  than  the  day. 


Fig.  188. 


Fio.  184. 


484.  Places  with  One  Tide  a  Day. — And  it  is  possible  to 
conceive  places  in  much  higher  latitudes,  such  as  at  0^  to  0^,  where 
from  high  to  low  is  12  hours,  and  there  is  no  high  water  at  all 
at  the  inferior  transit;  and  from  a  low  high  at  0^  to  a  L.W.  at  0^ 
is  12  hours. 

486.  Low  High  Tides  and  High  Low  Tides. — From  the 
above  figure,  the  position  of  the  sun  and  moon  can  be  placed 
according  to  their  declinations,  and  the  wave  measure  graduated 
to  the  distance  of  either  luminary  from  the  earth,  showing  the 
various  relative  heights  that  are  obtainable  on  different  occasions 
of  *  spring '  tides. 

For  example  (see  fig.  185),  take  the  extreme  cases :  one  is  shown 
dotted.  M  and  S  have  the  same  declination  :  in  the  one  case  it  is 
north  for  both,  and  both  are  at  their  nearest  to  the  earth;  in 
the  other  case,  both  are  in  south  declination,  and  at  their  furthest 
from  the  earth. 

At  a  place  0,  the  spring  tides  in  the  first  case  will  be  much 
higher  than  they  would  be  in  the  second,  or  dotted  positions. 


272 


HYDROGRAPHIC  SURVEYING. 


where  the  luminaries  are  at  extreme  south  declinations ;  the  tide 
cone  they  produce  being  at  the  furthest  distance  from  O,  and 
their  distance  from  the  earth  being  the  maximum. 

By  shifting  the  position  of  S  in  the  dotted  line  from  south  to 
north,  leaving  M  as  it  is,  in  extreme  south  declination,  both  now 
being  furthest  from  the  earth,  and  in  extreme  opposite  declination, 
the  *  spring '  tide  at  0  will  be  very  small  for  a  '  spring '  tide ;  and 
at  O',  smaller  still. 

486.  Neaps. — Seven  and  a  half  days  after  the  conjunction  of  M 
and  S,  as  shown  above,  owing  to  the  moon's  meridian  passage  being 
48  minutes  later  day  by  day,  they  will  have  separated  7^  x  48  min. 
=  6  hrs. ;  and  then,  while  the  sun  is  trying  to  create  its  H.W. 
at  6  P.M.,  for  instance,  the  lunar  tide  crest  is  at  noon.  At  these 
periods  the  tides  will  not  rise  so  much  above  M.W.L.,  nor  will 
they  fall  so  low  as  at  'springs.'  These  particular  periods  are 
called  <  neaps.' 

N 


s' 


s* 


Fio.  186. 


In  fig.  186,  N  N  represents  the  meridian,  and  the  moon  is  over 
it,  either  at  its  nearest  or  at  its  furthest  distance  from  the  earth. 
S\  S^,  S^  are  the  positions  of  the  sun,  in  respectively  north,  O**,  and 
extreme  south  declination,  also  nearest  or  furthest  from  the  earth. 

Let  0  be  a  place  on  the  earth's  surface. 

Then  at  those  positions  of  the  luminaries  *neap'  tides  will 
occur. 

487.  High  Neaps  and  Low  Springs. — It  is  conceivable  that 
by  shifting  about  the  positions  of  M  apd  S  (fig.  185),  as,  for  instance, 
if  M  is  at  extreme  north  declination,  and  nearest  the  earth,  and  S 
at  extreme  declination  and  also  nearest  the  earth,  the  'neap' 
tides  at  0  will  be  very  large  for  neaps,  and  possibly  be  equal  to, 
or  even  higher,  than  the  very  small  '  springs '  spoken  of  before, 
or  perhaps  that  might  occur  at  any  indefinite  *  springs.'  As  Moxly 
states,  **  the  tide  may  gain  more  from  the  approach  in  declination 
than  is  lost  by  the  decline  towards  *  neaps.' " 

And  it  is  equally  conceivable  that,  by  selecting  the  geographical 


TIDES  AND  TIDE  REDUCTION.  273 

position  and  adjusting  the  position  of  the  sun  and  moon,  such 
'  strange '  facts  as  the  highest  tides  occurring  before  new  or  full 
moon  are  sometimes  realised,  as,  for  instance,  at  Hong-Kong. 

488.  Proportion  of  Neaps  to  Springs  Differs  at  Different 
Places. — Therefore  the  rise  of  'springs'  fluctuates,  and  so  also 
does  the  rise  of  'neaps.'  No  definite  proportion  exists  between 
the  heights  of '  springs '  and  '  neaps '  that  holds  good  for  all  places ; 
it  is,  in  fact,  different  in  different  places  at  different  times,  and 
no  scoUe  table  can  be  laid  down,  as  is  possible,  however,  with  the 
times  of  their  occurrence. 

489.  Long  Observations  Necessary  to  Dedaoe  a  Correct 
Datum. — The  explanation  given,  shows  the  great  difficulty  there 
must  be  in  deducing  a  very  accurate  level  of  the  datiun  (L.  W.O.S.) 
at  a  great  many  places.  The  tides  there,  may  be  regular  enough  in 
their  turn,  but  their  irregularity  lies  in  the  relative  positions  of 
the  luminaries'  tide  '  cones,'  and  in  their  irregular  resultant ;  and  it 
is  only  once  in  eighteen  years  that  the  same  relative  positions  recur. 

490.  Rise  of  Tide  Stated  on  a  Chart. — Besides  requiring 
the  establishment  (H.W.F.  and  C),  i.e,  the  time  of  H.W.  at  full 
and  'change '  of  moon,  at  its '  upper '  transit,  a  chart  should  indicate 
the  '  rise  of  springs '  as  well  as  the  *  rise  of  neaps ' ;  and  also  the 
position  of  the  '  datum '  with  reference  to  a  *  bench  mark '  Alj^. 
a  mark  accepted  as  a  permanent  record  of  reference  to  either  high- 
or  low-water  ordinary  *  springs.' 

The  tide-pole  is  required  for  these  matters ;  and,  since  all  the 
soundings  have  to  be  reduced  to  the  adopted  datum,  a  tide-pole 
must  be  erected  to  obtain  the  necessary  reductions  hour  by  hour 
during  the  period  of  sounding,  to  reduce  them  to  what  they  would 
be  when  the  tide  is  at  the  level  of  the  datum. 

491.  Position  of  Tide-pole. — Now  the  tide  is  later  up  a 
river  or  a  creek  than  at  its  mouth,  and  the  rise  and  fall  is  less 
than  at  the  entrance. 

A  tide-pole  exposed  to  a  '  swell '  would  be  difficult  to  register,  and 
so  would  one  exposed  to  the  open,  where  a  small  wind  makes  a  big  sea. 

In  a  harbour,  then,  the  happy  medium  must  be  found.  Then 
there  is  the  question  of  who  is  going  to  read  it — whether  from  the 
ship  or  from  the  shore — so  that  no  definite  statement  can  be  made 
as  to  exactly  where  it  shall  be,  though  word  has  been  said  about 
where  it  should  not  be. 

If  it  can  be  nailed  to  the  side  of  a  pier,  or  a  pile,  so  much  the 
better  as  regards  the  trouble  of  putting  it  up  (fig.  187  illustrates 
the  trouble  often  involved).  If  not,  then,  given  a  sheltered  spot, 
means  of  access,  and  a  boat,  stand  it  and  *  stay '  it  upright. 

Any  plank  or  baton  will  do  for  a  tide-pole ;  it  should  be  about 
20  feet  long,  marked  in  feet  and  inches,  and,  if  desirable,  painted 
like  a  barber's  pole. 

Fig.  187  shows  how  it  may  look  when  erected  and  secured, 

18 
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when  required  to  etand  for  months;  a  lantern  is  attached  for 
reading  after  dark. 

Dead  low  water  should  be  the  chosen  hour,  and  the  party 
erecting  it,  should  be  ready  to  wade  up  to  the  armpits. 

It  shoidd  be  needlees  to  eaj,  that  every  consideration  must  be 
given  that  at  no  ordinary  period  of  the  tide  should  the  pole  diy, 
unless,  of  course,  the  rise  of  the  tide  is  more  than  20  feet,  i.e. 
above  the  top  of  the  pole,  it  will  not  do  so;  if  it  remains  up 
through  'spring'  tides,  it  must  not  dry  at  L.W.  springs.  If 
the  pole  is  set  up  at  L.W.,  showing  3  feet,  this  vrill  only  aJlon  of 
it  registering  a  further  fall  of  2  feet  to  L.W.  springs — allowing 


1  foot  to  be  in  the  bottom— and  allows  only  of  a  rise  of  not  more 
than  19  feet  at  '  spring '  tides. 

492.  Oooasion  for  two  Tide-poles. — If  the  'spring'  tide 
rises  more  than  this,  two  tide-poles  will  be  necessary,  one  standing 
further  inshore  than  the  other,  and  marked  from  18  feet  upwards, 
so  that  when  one  gets  covered  by  the  tide,  the  pole  further  inshore 
'  picks  up '  the  register ;  and  vitx  veria,  as  the  inshore  one  dries 
the  out«r  pole  continues  the  register.  There  must  be  a  coincident 
reading  on  the  two  poles  at  one  level  of  the  water. 

If  the  tide-pole  is  required  for  sounding  for  a  few  days  only,  a 
less  elaborate  arrangement  will  suffice,  though  the  method  of 
setting  it  up  is  much  the  same. 

403.  If  Neceeaaiy,  uae  an  Approximate  Datum  while 
Sounding. — The  tide-pole  will,  of  course,  have  to  be  read  durii^ 
the  whole  period  during  which  sounding  is  taking  place;  but 
before  any  reductions  can  be  made  to  the  soundings,  the  '  datum ' 
must  be  decided  on  (see  p.  277).  If  there  is  any  reason  for 
hesitating,  some  approximation  to  it  should  be  t«mporarily  made 
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use  of,  otherwise  the  soundings  taken  convey  nothing,  because 
they  are  taken  at  different  states  of  the  tide.  This  leads  to  the 
suggestion  that  a  tide-pole  should  be  erected  the  very  first  thing. 

404.  Tidal  Diagrams. — Before  proceeding  any  further,  it  will 
be  better  to  explain  the  meaning  of  the  expressions  that  will  be 
made  use  of. 

Suppose  the  tide-pole  readings  on  the  day  of  the  highest  and 
lowest  tide  to  be : — 


ft. 

in. 

ft 

in. 

XII.  30  A.M. 

19 

6 

IV.  00  P.M. 

8 

0 

46 

19 

8 

30 

5 

10 

I.  00  P.M. 

19 

2 

V.  00 

4 

00 

30 

18 

3 

30 

2 

7 

II.  00 

16 

10 

VI.  00 

1 

8 

30 

14 

11 

30 

1 

2 

III.  00 

13 

7 

VII.  00 

1 

1 

30 

11 

4 

19  feet  8  inches  was  the  highest  obtained,  and  1  foot  1  inch 
the  lowest. 

Seven  days  afterwards  the  following  were  the  pole  readings : — 


ft. 

in. 

ft 

in. 

VI.  30 

16 

3 

X.  00 

9 

8 

VII.  00 

16 

1 

30 

8 

3 

30 

15 

5 

XI.  00 

7 

0 

VIII.  00 

14 

6 

30 

6 

1 

30 

13 

3 

XII.  00 

5 

5 

IX.  00 

10 

0 

30 

4 

3 

From  each  of  these  a  daily  curve  of  tide  can  be  formed :  by 
joining  their  heights  plotted  on  '  squared '  paper  they  would  show 
as  in  fig.  188.  The  two 
curves  are  here  shown 
on  the  same  figure, 
the  *hard'  line  being 
that  of  the  above  read- 
ings plotted,  while  the 
dotted  line  shows  that 
of  the  probable  con- 
tinuation. The  highest 
to  lowest  curve  is  that 
of  *  springs ' ;  the  other 
m  of  *  neaps.'  As  a  rule, 
the  curve  at  *  neaps' 
is  more  irregular  than 
that  of  *  springs.' 

The  vertical  line  is  graduated  in  feet  and  inches,  and  the  lower 
horizontal  line  is  in  hours  and  minutes,  time  of  day. 


HI  I 
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Fig.  188. 
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The  combined  curve  from  '  sprit:^ '  to  '  neaps '  may  be  plotted 
n  ooe  diagram  tlius  : — 


In  fig.  189  the  vertical  line  is  graduated  in  feet  and  inches. 
The  lower  horizontal  line  ia  graduated  in  hours  and  minutes,  but 
they  will  now  represent  the  time  of  the  moon's  meridian  passage. 
The  upper  horizontal  and  dotted  line  is  the  level  of  H.W.O.S. 
The  lower  horizontal  line  is  the  level  of  L.W.O.S.,  the  accepted 
'  datum.' 

495.  Mean  Water  Level. — Midway  between  these  lines,  and 
here  accepted  aa  a  straight  line,  is  the  mean  water  level  of  the 
sea  (M.W.L.). 

A  'true'  tide  will  fall  nearly  equally  below  the  M.W.L.  as  it 
will  rise  above  it. 

The  movement  of  the  tide  from  L.W.  to  H.W.  is  plotted  od  this 
diagram,  using  the  'ordinate'  (perpendicular)  for  height  and  the 
'absciaan'  (horizontal)  for  the  time  of  the  moon's  transit.  In 
the  previous  example  given,  the  moon's  meridian  paasage  was 
0  hr,  26  min.  at  superior  tmusit,  and  12  hrs.  66  min.  at  'inferior' 
transit.  The  one  is  the  time  of  transit  at  one  H.W.,  the  other  that 
at  the  next  H.W. ;  and  midway  between  them,  is  the  time  of  L.W. 
in  this  case,  VI.  hrs.  41  min.  Starting  then  at  H.W.,  the  height 
of  the  highest  tide  is  marked  on  the  ordinate.  In  the  example 
given  this  is  19  feet  8  inches;  and,  supposing  the  graduations 
on  the  abecissee  commence  at  0  hr.,  then  a  height  of  19  feet  8 
inches  will  be  marked  0  hr.  36  min.  to  the  right  of  the 
vertical-  At  L.W.  on  that  day  the  height  registered  1  foot  1 
inch,  and  the  time  of  L.W.  is  VI.  41 ;  this  height  will  be  plotted 
at  VI.  41. 

At  the  next  H.W.,  XII.  66,  which  may  be  less  or  more  than  the 
day  tide  just  plotted,  ite  height,  and  the  corresponding  moon's 
meridian  passage,  taken  from  the  Nautiecd  Almanac,  will  be  set  off 
as  an  ordinate  and  abscissa,  and  so  on  for  the  whole  lunation. 

406.  Fifty-Be7t>n  Tides  In  a  LunatloiL— There  are  57  tides 
in  a  lunation,  and  from  'springs'  to  'neaps'  there  will  be  14  high 
waters  and  14  low  waters ;  there  will  consequently  be  14  dots  on 
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the  upper  half  of  the  figure,  and  14  on  the  lower  half.  If  the 
upper  dots  are  joined  and  a  curve  derived  from  them,  this  will 
represent  a  curve  of  high  waters,  while  that  joining  the  lower 
dots  will  be  '  smoothed '  into  a  curve  of  low  waters. 

497.  Rise  of  Tide.— The  *  rise  of  the  tide '  is  the  distance 
from  the  L.W.O.S.  to  H.W.  on  any  day. 

498.  Bange  of  Tide. — The  '  range  of  tide '  is  the  distance 
between  low  and  high  water  on  the  same  day. 

499.  Diurnal  Inequality.— The  zigzagging  of  the  upper  dots 
is  called  *  diurnal  inequality.' 

500.  Rise  of  *  Springs. '—From  the  lower  horizontal  line 
(L.W.O.S.)  to  the  upper  dotted  line  (H.W.O.S.)  is  the  *rise  of 
springs.' 

501.  Rise  of  *  Neaps.' — From  the  same  lower  line  to  H.W.  at 
'  neaps '  is  the  '  rise  of  neaps,'  and  it  is  these  two  quantities  that 
are  given  on  every  chart. 

502.  Benoh  Mark. — If  *  amendments '  only  are  being  made  to 
a  chart,  the  pole  is  required  for  a  few  hours  only,  and  a  record 
has  been  left  of  the  position  of  the  *  datum '  from  which  all  the 
previous  soundings  are  shown,  this  '  datum '  must  be  referred  to  a 
reading  on  the  tide-pole  as  set  up. 

The  statement  on  the  *  title '  of  the  chart  will  read  that  ^*  the 
'  bench  mark,'  M^.  is  chipped  on  the  north  and  east  comer  of  the 
sign  of  '  the  Maintop '  public-house,  and  is  10  feet  above  the  level 
of  H.W.S.  (or  it  may  be  given  above  L.W.O.S.),"  the  rise  of 
*  springs'  being  15  feet. 

503.  Referring  the  'Benoh  Mark'  to  the  Tide-pole. — 
To  simplify  the  illustration,  assume  that  a  place  was  found  for 
the  tide-pole  at  the  side  of  a  jetty,  and  nailed  there.  With  the 
aid  of  a  levelling  staff,  or  any  marked  baton,  and  a  theodolite,  the 
level  of  the  *  bench  mark '  above  the  highest  reading  on  the  pole 
is  noted.  Suppose  it  is  5  feet  above  the  20>foot  mark ;  then 
H.W.S. ,  being  10  feet  below  the  bench  mark,  would  read  10-5 
feet  below  the  20-foot  mark  on  the  pole  =  15  feet. 

And  since  the  rise  of  springs  is  15  feet,  then  the  pole  has 
accidentally  been  placed  so  that  the  0  of  its  reading  is  the  level 
of  L.W.S.,  as  adopted  in  the  previous  survey ;  and  whatever  the 
reading  will  be  on  the  tide-pole  at  the  hour  of  sounding,  is  the 
reduction  to  the  soundings  at  that  hour. 

504.  Finding  the  '  Datum '  without  the  '  Benoh  Mark.'— 
Taking  another  case,  suppose  there  is  no  record  or  bench  mark ; 
the  rise  of  springs  is  given  as  15  feet. 

At  H.W.  on  this  particular  day  the  tide-pole  read  1 2  feet,  and 
at  L. W.  it  read  3  feet ;  then  the  '  range '  of  the  tide  is  9  feet> 
and  the  M.W.L.  reads  7^  feet. 

At  'springs'  the  range  or  rise  was  15  feet,  or  7^  feet  was  the 
rise  from  L.W.O.S.  to  M.W.L. ;  and  since  the  tide-pole  registers 
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7}  feet  at  M.W.L.,  then  it  must  read  0  at  L.W.O.S.,  and 
the  consequent  readings  at  each  hour  are  the  reductions  at 
that  hour. 

By  this  last  method  of  deduction  the  tide-pole  may  be  set  up 
anywhere  quite  away  from  the  position  of  the  bench  mark,  since 
that  mark  is  not  referred  to. 

605.  To  Establish  a  < Datum'  by  Pole  at  L.W.S.— The 
next  example  will  be  where  the  survey  is  an  origihal  one.  The 
surveyor  will  now  have  to  establish  his  own  datum. 

The  method  of  finding  the  *  establishment '  has  been  explained 
in  par.  480. 

It  is  now  required  to  establish  the  rise  of  *  springs.'  He  must 
either  stay  at  the  port  through  a  period  of  *  spring '  tides,  and 
make  an  allowance  of  about  a  foot  or  so  below,  or  perhaps  above, 
the  L.W.S.  tide-pole  reading ;  it  is  not  possible  to  lay  down  any 
hard-and-fast  rule  which  will  apply  in  all  cases — so  much  depends, 
as  has  been  already  pointed  out,  on  the  moon's  declination  and 
parallax,  as  well  as  the  sim's  declination  and  parallax,  and  the 
geographical  position. 

506.  By  ^FloatscuxL' — Or,  what  may  turn  to  be  almost 
as  accurate,  is  to  find,  if  it  exists,  the  mark  of  '  floatsam '  or  of 
heaped-up  weeds  on  the  beach,  or  of  drift-wood;  this  will 
probably  be  very  near  the  position  of  the  last  high-water  springs, 
though  it  may  have  been  an  extraordinary  spring  tide  that  has 
placed  the  debris  there.  The  level  of  this  would  have  to  be 
referred  to  the  pole ;  or  some  definite  height  above  it  levelled  to 
the  pole,  and  '  referred '  to  any  reading  on  it. 

507.  Where  no  Level  Available;  by  Sea  Horizon. — 
Failing  a  theodolite  or  a  level,  the  line  of  the  sea  horizon  can  be 
substituted ;  if  the  pole  lies  between  you  and  it,  stand  over  the 
debris,  and  where  the  sea  horizon  line  cuts  the  pole  will  be  the 
height  of  your  eye  above  H.W.S. ;  of  course,  the  height  of  the 
observer's  eye  must  be  accurately  measiu^. 

508.  Obtaining  a  Horizontal  by  ^ Shore'  Horizon. — Or 
a  shore  horizon  would  serve;  for  if  the  distance  of  the  shore 
horizon  in  line  with  the  pole  is  known,  then,  given  the  height  of 
your  eye,  and  the  distance  of  the  shore  horizon  from  Table  14, 
Inman'i  Tables,  the  correction  given  there  can  be  placed  on  the 
sextant,  to  the  right  of  the  index  (ofi^  the  arc),  and  where  the 
reflected  image  of  the  shore  horizon  that  is  in  line  with  the  pole, 
intercepts  the  pole,  will  be  the  horizon  of  the  observer. 

Example. — The  observer's  eye  is,  say,  5  feet  above  the  H.W. 
line.  The  distance  to  the  shore  on  the  other  side  of  the  pole  is 
450  yards.  From  Table,  Appendix  IX.,  the  *  dip '  of  shore  horizon 
for  a  height  of  5  feet  and  a  distance  of  450  yards  is  12'  40*. 
Set  12'  40r  on  the  right  of  the  index  on  the  sextant :  look  at  the 
pole  through  the  '  clear '  portion  of  the  '  horizon  glass,'  and,  where 
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the  reflected  image  of  the  shore  line  cuts  it  is  the  horizontal  line ; 
read  it  off  the  pole. 

500.  Substitute  for  a  Level — The  question  may  be  put, 
What  if  you  have  no  level  or  theodolite  1 

The  following  are  suggestions : — 

Given  a  boat's  bucket  brimful  of  water  and  a  pencil. 

Someone  in  the  boat  will  probably  have  four  needles  or  four  pins 
of  equal  length  ;  and  a  new  pencil — if  not  an  uncut  one,  a  used  one 
cut  off  square  at  both  ends  will  serve ;  but  the  longer  it  is  the 
better. 

Push  the  four  pins  or  needles  into  the  pencil,  as  in  fig.  190, 
equidistant  from  each  end ;  float  the  arrangement,  pins  *  up  and 
down,'  and  there  will  be  a  level  pencil  with  two  sights  on  it. 
Place  the  bucket  at  H.W.  line,  measure  the  height  of  the  surface 
of  the  water  from  the  ground,  look  along  the  pin  heads,  and  see 
what  they  point  to  on  the  pole. 


Fig.  190. 


Fig.  101. 


The  probable  error  when  the. pole  is  about  30  yards  off,  is 
about  6  inches. 

Or,  here  is  a  more  elaborate  idea. 

Cross,  and  lash  together,  four  oars,  as  in  fig.  191 ;  rest  the 
longest  ^  stretcher '  in  the  boat  on  each  pair  of  crossed  oars. 

Take  a  piece  of  twine  about  5  feet  long ;  make  a  loop  at  each 
end,  sufficiently  big  to  go  over  the  *  stretcher ' ;  halve  the  string 
from  end  of  loop  to  end  of  loop ;  at  the  half  mark  tie  another 
piece  of  twine  about  18  inches  long,  and  put  a  weight  on  the  end, 
such  as  a  marline-spike. 

Make  two  notches  on  the  stretcher  about  4  feet  apart,  or  as  far 
apart  as  the  *  stretcher '  will  allow  of ;  put  the  loops  of  the  string 
over  the  notches,  as  in  S  T  of  the  figure. 

Halve  the  distance  between  the  two  notches  on  the  '  stretcher,' 
and  cut  another  notch. 

Take  another  piece  of  twine  about  4  feet  long,  tie  a  weight  at 
the  end  of  it,  a  hammer  for  instance ;  put  a  loop  on  the  other 
end  of  the  string  and  hang  it  from  the  centre  notch  on  the 
stretcher.     The  two  strings  with  weights  on  are  labelled  A  B  and 
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CD   in  fig.    191.      When  these  two  lines  are   coincident    the 
stretcher  is  horizontal. 

To  make  it  so,  either  raise  the  crossed  oars  at  either  end  or, 
better,  put  a  small  stone  imder  the  end  of  the  stretcher  that 
requires  to  be  raised. 

The  probable  error  is  about  6  inches  in  the  reading  on  the  pole 
at  about  30  yards. 

The  bucket  of  water  shown  in  the  sketch  is  for  the  purpose  of 
steadying  the  weights. 

By  whatsoever  means  employed,  having  found  the  reading  on 
the  tide-pole  corresponding  to  the  prestuned  H.W.  spring  mark, 
and  if  the  reading  on  the  pole  is  taken  at  high  and  low  wat^  on 
that  day,  then  if,  for  instance,  the  H.W.  spring  mark  reads  20 
feet  on  the  pole,  and  H.W.  for  the  day  reads  17  feet,  and  L.W. 
reads  10  feet,  the  H.W.  springs  mark  would  be  3  feet  above  the 
H.W.  mark  for  the  day ;  and,  assimiing  that  the  rise  above  H.W. 
to  H.W.  springs  would  equal  the  fall  below  L.W.  to  L.W.  springs, 
then  L.W.  springs  should  read  10-3  feet  =  7  feet,  and  therefore 
the  mark  of  7  feet  on  the  pole  represents  L.W.S. ;  if  this  is 
accepted  then  it  follows  that  the  corresponding  rise  of  springs 
is  13  feet. 

510.  Deducing  a  Datum  by  means  of  Rocks  marked 
Awash.— The  following  methods  for  deducing  a  datum  for 
reductions  are  each,  in  the  order  given,  rougher  than  the  other. 
If  it  should  happen  that  there  is  a  rock  marked  on  the  chart  as 
*  awash '  at  L.W.S.  (tH),  a  pole,  or  marked  baton  can  be  placed  on 
it,  and  the  height  from  the  water's  edge  to  the  bottom  of  the 
stick,  subtracted  from  the  tide-pole  reading  at  that  moment,  would 
give  what  the  reading  on  the  tide-pole  would  be  when  the  rock 
was  awash,  t,e.,  L.W.S.  according  to  the  previous  survey, 

511.  And  a  similar  idea  can  be  carried  out  from  a  rock  that  is 
marked  'awash  at  H.W.S.';  its  height  above  the  level  of  the 
water  at  that  moment,  added  to  the  reading  on  the  tide-pole,  will 
give  what  the  reading  would  be  at  H.W.S.  as  accepted  in  the 
previous  survey,  and  in  this  case,  given  the  rise  of  springs,  then 
the  reading  of  the  tide-pole  at  L.W.S.  would  be  deduced. 

512.  Application  of  Tide-pole  Readings. — In  both  of  the 
above  it  is  assumed  that  good  judgment  was  exercised  in  allowing 
the  statement  to  exist. 

Heretofore  it  has  been  taken  for  granted,  that  it  is  understood 
that  the  tide-pole  was  used  not  only  for  the  purpose  of  obtaining 
a  datum,  but,  when  that  was  foimd,  that  the  reading  on  the  tide- 
pole  was  continued  from  hour  to  hour,  and  the  difference  between 
the  datum  reading  and  the  reading  of  the  pole  at  any  moment 
was  the  reduction  to  the  soundings  taken  at  that  hour. 

But  supposing  that,  though  the  tide-pole  is  used,  it  is  only  read 
off  at  high  and  low  water. 
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20    H.W 

Ihr.afterH.W. 


2hrs. 


3hr5.„      ..  yiSprinqs rise 


513.  Tide  Olock  or  Tables  for  Tide  Readings.— In  Table 
10,  InmarCB  Tables,  or  in  the  *  tide  clock  *  in  the  Admiralty  Tide 
Tables,  also  see  Appendix  XL,  Plate  XIX.,  a  scale  is  given  showing 
the  rise  above,  and  fall  below,  M.W.L.  It  is  simply  a  possibility 
of  what  may  have  occurred,  and  is  a  substitute  for  what  the 
tide-pole  readings  were,  when  it  was  inconvenient  to  read  them 
in  the  ordinary  way. 

Fig.  192  illustrates  the  idea  of  the  scale  better  that  it  can  be 
described. 

Let  2  feet  be  the  reading  at  L.W.  VIIL  a.m.,  and  20  feet  the 
reading  at  H.W.  II.  p.m.     It  is  required  to  make  out  a  table  for 
the  probable  tide-pole  readings,  or  reductions,  from  hour  to  hour. 
Now,  the  range  of  the       h.w.O.S. 
tide    for  this  day   is 
from  2  feet  to  20  feet 
=  18  feet,   that  is  9 
feet  above  M.W.L.  and 
9  feet  below  it. 

The  table  gives  the 
amount  of  the  rise 
above  M.W.L.  for  each 
hour,  when  half  the 
range  is  9  feet. 

Half  an  hour  after 
H.W.  it  is  8  feet  8 
inches  above  M.W.L., 

1  hour  after  H.W.  it  is  7  feet  9  inches,  2  hours  after  H.W.  it  is 
4  feet  6  inches  above  M.W.L.,  at  3  hours  it  is  at  M.W.L. ;  4  hours 
after  H.W.  it  is  4  feet  6  inches  below  M.W.L.,  5  hours  it  is  7  feet 
9  inches  below,  etc. 

Now  from  the  chart,  the  rise  of  springs  is  given  as,  say,  24 
feet,  then  the  height  of  M.W.L.  or  \  springs  rise,  is  12  feet 
above  L.W.S. 

If,  then,  12  feet  be  added  to  the  proportional  rises  ahove  M.W.L. 
as  given  in  the  tables  for  each  \  hour,  and  those  proportions 
which  are  below  M.W.L.  subtracted  from  12,  then  we  shall  have 
the  amount  of  the  rise  of  the  tide  from  hour  to  hour,  to  apply  as 
reductions.     It  will  read  thus : — 


4hrs.  „ 

5hrs.  „ 
2  LW. 


L.W.O.S 


Fig.  192. 


ft 

in. 

H.W. 

VIIL  00 

9 

0 

1  hour  after  „ 

IX.  00 

7 

9 

2  hours    „    „ 

X.  00 

4 

6 

3  „       „    „ 

4  „       „    „ 

5  „       „    „ 

6  „       „    „ 

XL  00 

XII.  00 

LOO 

ILOO 

0 

4 
7 
9 

0 
6 
9 
0 

+  to  12  feet  (M.W.L.) 


-to  12  feet. 
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514.  Tide  Readings  obtained  by  Lead  Line. — There  is  a 
slight  modification  of  this  when,  instead  of  a  tide-pole,  a  lead 
line  is  used  on  a  hard  and  even  bottom. 

The  reading  on  the  lead  line  is  obtained  at  H.W.,  and  later  a 
similar  reading  taken  at  L.  W. ;  from  these  two  readings  the  range 
of  the  tide  is  deduced.  Then,  as  before,  a  table  of  reductions  is 
concocted  for  the  proportional  rise  from  hour  to  hour,  and  applied 
to  the  ^  springs  rise. 

This  last  is  the  roughest  of  all  methods,  but,  still,  might  be 
called  into  requisition. 

515.  Empirical  Reductions. — It  applies  in  such  a  case  as 
when  the  ship  is  out  of  reach  of  land,  and  the  rise  of  springs  is 
an  unknown  quantity.  As  before,  deduce  the  range  from  a 
sounding  obtained  over  the  same  spot  at  H.W.  and  at  L.W.  j  then 
allow  yV^^  o^  ^^^  range  below  the  L.W.  reading. on  the  line,  as  a 
datum  for  reductions,  when  the  observation  is  made  1  day  on 
each  side  of  springs ;  allow  ^ths  of  the  range  below  the  reading 
if  the  soundings  are  taking  place  at  neaps;  and  interpolate  at 
the  rate  of  ^th  for  each  day  from  springs  to  neaps,  each  day 
being  each  day  of  the  age  of  the  moon,  supposing  the  tide  to  have 
no  age. 

For  the  intermediate  hours  between  high  and  low  water,  use, 
as  before,  the  *  table '  or  *  tide  clock.' 

515a.  The  reverse  case  is  to  reduce  a  series  of  soundings  to 
L.W.S.  without  the  use  of  a  tide-pole  or  lead  line,  but  where  the 
rise  of  springs  is  known. 

If  the  period  is  springs, 

reduction  at  L.W.   .        .         0. 

„         1  hour  after  W.L.,  Y^th  rise  of  springs. 
„         2  hours  „         „       ^  „  „ 

>>  "       »>         >>  i>         TS"  »»  >> 

4.  8 

»>  ^        »>  i>  >>         TST  "  " 


5 


11 


)»  ^        >>         >>  >»         XU"  "  " 


6 


12 


>>         ^      >»       »>         >»       i"2r »»  »» 

If  the  period  is  neaps,  i.e,  when  the  moon  is  7^  days  old 

At  L.W.  neaps,  reduction,  -^ths  of  rise  of  neaps. 

1  hour  after     „        „  „  ^  „ 

2  hours  „         „        „  „  y^  „ 

4 
5 
6      „       „        „        „  „  the  whole  of  the  rise  of  neaps. 

Rough  estimate  for  the  period  between  springs  and  neaps. 

First  deduce  the  rise  of  the  tide  for  the  day. 

The  rise  of  springs  and  the  rise  of  neaps  can  be  obtained  from  the 


10 

»i    >»     >>     II       II      TS"  j> 

11 
II    II     II     II        II      T"2"  »» 
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chart.     Supposing  the  rise  of  springs  to  be  20  feet,  and  that  of 
neaps  14  feet,  then  the  rise  of  the  tide  diminishes  6  feet  in  7^  days, 

or  at  the  rate  of  —7  feet  in  one  day. 

If  the  age  of  the  moon  is  5  days,  and  the  age  of  the  tide  is 
2  days ;  or,  since  when  the  moon  was  0  days  old  (springs)  the  tide 
was  2  days  behind  it,  then  when  the  moon  was  5  days  old  the 
tide  was  5-2  =  3  days  beyond  spring  tides. 

In  1  day  the  rise  of  the  tide  diminished  =^  feet,  therefore  3  days 

f* 

from  spring  tides  it  will  have  diminished  in  rise  3  .  =--  feet  =  2 J  feet 

'2 
nearly ;  and  the  rise  of  tide  for  the  day  is  18  feet  roughly. 

Then  at  L.  W.  reduction  is  ^ths  of  the  rise  for  the  day  «  3    feet. 

1  hour  after   „  „  ^^  „  ,,  „  4t 

2  hours 
3 
4 
5 
6 


>» 


6 

7 
T^  » 

TS  >» 
11 

T5"  »» 
12 
IT  » 


QUESTIONS  AND  EXAMPLES  ON  TIDES. 

1.  What  is  the  zero  for  the  establishment  of  a  port?  What 
data  are  necessary  to  find  it  ? 

2.  What  is  the  zero  for  the  soundings  on  a  chart  1  What  data 
are  necessary  to  find  it  when  the  stay  in  a  port  will  be  only  for 
a  few  days,  and  those  during  the  period  of  neaps  1 

3.  What  data  are  required  when  amending  the  soundings  ou  a 
published  chart? 

EXAMPLES. 

516.  To  Find  Reduction  to  Soundings  from  Data 
Supplied  on  Ohart. — Example  1. — At  a  position  abreast  of  the 
Start,  fixed  by  sextant  angles,  it  is  required  to  determine  the  re- 
ductions necessary  to  soundings  obtained  at  4  00  p.m.,  at  7  00  and 
at  8  00  P.M. 

Rise  of  springs  at  the  Start  is  15  feet,  and  of  neaps  11  feet. 

H.W.F.C.  given  on  the  chart  is  6  hours  16  minutes. 

Age  of  moon  is  6  days,  and  age  of  tide  2  days. 

The  moon's  meridia/n  poMoge^  taken  from  the  Nautical  Almanac 
and  corrected  for  longitude  (see  Table  33,  Inma^Cz  Tables)  is 
4  hours  14  minutes. 


When  the  moon's  meridian  passage  is  0  hour,  the  time  of  H.W. 
is  6  hours  16  minutes;  when  the  moon's  meridian  passage  is 
4  hours,  the  correction  to  the  establishment  is  1  hour  2  minutes, 
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(see  App.  XIIL,  Table  2) ;  then  the  lunitidal  interval  between  the 
moon's  meridian  passage  and  the  following  high  water  on  the  day 
in  question  is  6**  16™  -  1**  2™  =  5**  14". 

And,  since  the  moon's  meridian  passage  is  4  hours  14  minutes, 
then  5^  14»  +  4»»  14™ -time  of  H.W.  =  9^  28™  p.m. 

Allowing  for  a  G-hours'  tide,  it  will  be  L.W.  at  about  3  hours 
20  minutes. 

The  age  of  the  moon  is  6  days,  that  of  the  tide  2  days ;  therefore 
the  tide  is  only  4  days  from  springs. 

Spring  tides  rise  15  feet,  neaps  11  feet,  hence  the  rise  of  tide 

diminishes  at  the  rate  of  =j  feet  per  day ;  and  in  4  days   will 

4 
diminish  =-=  x  4  feet  =  2  feet  nearly. 

Therefore  the  rise  of  the  tide  on  this  particular  day  will  be 
15-2  feet  =13  feet. 
And  (1)  by  the  rough  method  shown  above : — 
At  4  00  it  is  approximately  1  hour  after  L.W.,  or  5  hours  after 
H.W.,  and  the  reduction  =  ^ths  of  13  feet  =  3  feet  nearly. 

At  6  00  it  is  3  hours  after  L.  W.,  reduction  =  ^ths  of  13  =  7  feet, 
or  1^  fathoms. 

At  8  00  it  is  5  hours  after  L.W.,  or  1  hour  before  H.W.,  re- 
duction ^Jths  of  13  =  11  feet,  or  2  fathoms. 

(2)  By  another  method,  using  the  tables  or  the  tide  clock  : — 
If  the  rise  of  springs  is  15  feet  and  the  rise  of  the  day  is  13  feet, 

then  springs  rise  2  feet  above 
the  rise  of  the  day ;  supposing 
the  tide  falls  eqiially  below 
L.W.  to  L.W.S.  as  it  rises 
above  it  to  H.W.S.,  then  each 
of  the  quantities  shown  in  fig. 
193  are  2  feet ;  from  r  to  r'  is 
the  range=13-2,  hence  the 
range  of  tide  for  the  day  is 
11  feet.  And  j^  the  range  is 
5^  feet — that  is,  the  tide  will 
rise  5^  feet  above  the  M.W.L.  to  H.W.,  and  fall  5^  feet  below 
it  to  L.W. 

The  table  says  that  when  the  height  above  M.W.L.  is  5^  feet, 
the  height  above  M.W.L.  will  be : — 

ft 
At  1  hour  after  H.W.  .         .     4 


Fig.  193. 


2  hours 

3 

4 

5 

6 


>» 


)> 
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0 
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And,  since  the  M.W.L.  is  |  the  springs  rise,  its  height  above 
L.W.S.  is  7i  feet. 

Then  the  reductions  will  be  : — 

ft.      ft.  in.     ft,  in.  h  m 

AtH.W.7i  +  5  0  =  12  6  9  30  p.m. 

1  hour  after  or  before    „     7* +  4  4  =  11  10  8  30 

2  hours   „             „       „     7|  +  2  6=10  00  7  30 

3  „  „  „  „  7i  +  0  0=   7  6  6  30 

4  „  „  „  „  7i-2  6=   5  00  5  30 

5  „  „  „  „  7|-4  4=   3  2  4  30 

6  „  „  „  „  7i-5  0=   2  6  3  30 

And  this  result  tallies  with  the  previous  one. 

Example  2. — Sounding,  etc.,  etc. 

Tide-pole  showed    6  feet  at  VIII.  10  a.m.     .         .  L.W. 
„  „       18     „    „       II.  15  P.M.     .         .  H.W. 

Rise  of  springs  from  chart  is  18  feet. 
Make  out  a  table  of  reductions. 

Here  the  range  of  the  tide  is  18  -  16  feet  =12  feet,  and  \  range 
6  feet ;  and,  from  the  table,  for  the  rise  of  6  feet  above  M. W.L., 

ft.    in. 


AtH.W 

.,  height 

;  above  M.W.L. 

6 

10] 

h  hour  after    „ 

99 

>» 

5 

10 

40 

I            »              »             » 

» 

»» 

5 

2 

'  +  to  M.W.L. 

\\  hours    „       „ 

»» 

» 

4 

3 

^       »        »>       » 

» 

» 

3 

00 

etc. 

etc. 

etc. 

-  to  M.  W.L. 

M.W.L.  is  9  feet  above  L.W.S. 

ft.    ft    in.    ft.     in. 
The  reduction  at  H.W.,  11.  00  p.m.,  is  9  +  6     0  =  15    0 

L  30      „       9  +  5  10=14  10 
LOO      „       9  +  5     2  =  14     2 
and  so  on. 

Example  3. — The  following  are  tide-pole  readings  : — 

ft.   in.  ft    in. 

VII.  00  A.M.,  L.W.  5  00         IX.  00  A.M.      8     6 

30    „        „      5     4  30    „     lO     4 

VIII.  00    „        „      6  00  X.  00     „      13  00 

30     „        „      6  11  etc.,     etc. 

Noon  H.W.  18  00 

Springs  rise  18  feet,  as  stated  on  the  chart.     Make  out  a  table 
of  reductions  for  the  hours  between  8  and  10. 
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In  this  case,  since  the  rise  of  springs  is  20  feet  and  the  range 
for  the  day  =  13  feet  {i.e.  the  reading  of  18  feet -the  reading 
of  5  feet),  and  allowing  that  the  tide  will  rise  equally  ahove 
H.W.  to  H.W.S.  as  it  will  faU  below  L.W.  to  L.W.S.,  then  the 
L.  W.S.  mark  would  be  2 J  feet  below  the  L.W.  reading  on  the  tide- 
pole  ;  and,  since  the  tide-pole  reads  5  feet  at  L.W.,  therefore  the 
L. W.S.  datum  mark  will  be  5  -  2^  feet  =  2  feet  6  inches. 

If  the  tide-pole  reads  2  feet  6  inches  at  L.W.S.  and  6  feet  at 
8  A.M.  the  reductions  will  be : — 

ft    in.    ft.  in.    ft. 
VIII.  00  A.M.,  6  00 -26=   3     6=   A  fathom. 
30    „      6  11-2  6=   4     5=   I      „ 


IX.  00    „      8     6-2  6=   6     .-. 


30    „    10    4-2  6=   7 


>» 


X.  00    „    13  00-2  6=10     ^-.;j      „ 

517.  Establishing  a  Datum  from  one's  own  Deductions. 
— Example  4. — Erected  a  tide-pole  at  the  end  of  a  pier  at  L.W. 

The  L.W.  reading  was  2  feet,  the  H.W.  reading  9  feet  10  inches. 

From  local  information  the  H.W.S.  mark  was  said  to  reach  a 
mark  which  was  found  by  measurement  to  be  3  feet  6  inches  from 
the  top  of  the  pier,  and  this  mark  was  level  with  the  11  feet 
4  inch  mark  on  the  pole. 

The  following  were  the  tide-pole  readings  at  the  hours  stated  : — 

fL  in. 

At   X.  00  A.M.,  L.W.  2  00 

30    „        „     3  00 

XL  00     „        „     4     6 

30    „        „     6     3 

etc.,         etc.,         etc. 

What  reductions  should  be  made  at  those  hours  ? 

If  the  H.W.  reading  for  the  day  was  9  feet  10  inches,  and 
H.W.S.  reached  the  1 1  feet  4  inch  mark  on  the  pole,  then  H.W.S. 
would  rise  1  foot  6  inches  above  the  H.W.  reading  for  the  day. 

In  that  case  L.W.S.  would  fall  1  foot  6  inches  below  the  L.W. 
reading  for  the  day ;  and,  since  L.W.  reads  2  feet,  then  L.W.S. 
would  read  6  inches. 

But  here,  allowing  for  a  small  error  in  the  estimated  position 
of  the  H.W.S.  mark  on  the  pier  of,  say,  6  inches,  it  would  be 
safer  to  assume  that  the  tide-pole  would  read  0  at  L.W.S.,  and 
therefore  the  actual  readings  on  the  pole  are  the  reductions 
necessary  at  those  hours. 

Example  5. — A  tide-pole  was  erected  at  an  islet. 
The  estimated  H.W.S.  mark  on  the  islet  was  levelled  to  the 
pole  and  found  to  read  16  feet  6  inches. 
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The  reaxiing  on  the  pole  at  H.W.  was  13  feet  2  inches, 
„  „  L.W.     „       3  feet  4  inches, 

but  no  reieulings  were  taken  at  the  intermediate  hours  except 
at  10  A.M. 

The  'bench  mark'  was  cut  on  the  rocks  at  a  point  4  feet 
10  inches  above  H.W.  for  the  day,  and  this  was,  purposely,  6  inches 
above  the  apparent  mark  of  H.W.S.  on  the  islet. 

fa)  What  mark  on  the  pole  corresponds  with  L.S.W.  ? 

[b)  The  tide-pole  reads  8  feet  10  inches  at  10  a.m.,  what 
reduction  should  be  made  at  that  hour  1 

The  bench  mark  was  cut  6  inches  above  the  accepted  H.W.S. 
mark,  and  it  is  4  feet  10  inches  above  the  H.W.  reading,  there- 
fore H.W.S.  is  4  feet  10  inches -6  inches  above  the  H.W. 
reading  »=  4  feet  4  inches. 

If  the  spring  tide  rises  4  feet  4  inches  above  H.W.  for  the  day 
it  will  fall  4  feet  4  inches  below  L.W.  for  the  day. 

And,  since  the  L.W.  reading  is  3  feet  4  inches,  then  at  L.W.S. 
the  tide-pole  would  *  dry '  1  foot — i.e.  -  1  foot  is  the  datum. 

(b)  If  the  reading  on  the  pole  is  8  feet  10  inches  at  10,  and 
the  datum  is  -  1  foot,  the  reduction  will  be  9  feet  10  inches. 


t 


CHAPTER  VII. 

A  SURVEY,  OR  SOUNDING  A  SHOAL,  BY  MAST- 
HEAD ANGLE  AND  BEARING. 

518.  M.H.  Angle  Survey,  when  Applioable. — This  form 
of  survey,  of  an  open  roadsteeud,  where  no  other  possible  means 
are  available,  can  only  be  looked  upon  as  a  form  of  ^  reconnais- 
sance.' It  may  be  applied  when  there  is  any  reason  to  doubt  the 
accuracy  of  the  charted  soundings,  either  owing  to  the  date  of 
the  chart,  or  to  the  authority  for  it,  and  where  any  anxiety  is  felt 
as  to  whether  the  soundings  are  safe  in  the  circle  of  swing  of  the 
ship. 

In  the  case  of  a  shoal,  so  far  from  land  that  a  boat  is  unable  to 
see  objects  to  '  fix '  by,  then  the  boat  '  fixes '  from  the  ship  by  a 
bearing  from  the  ship  and  the  angle  obtained  at  the  boat,  sub- 
tended by  the  ship's  mast-head  to  a  mark  on  the  water-line.  (See 
Distances  by  M.H,  Angles,  par.  340.) 

By  this  means  the  shoal  can  be  sounded,  and  every  fix  is  relative 
to  the  ship's  position,  dependent  on  distance  by  the  length  of  a 
line  represented  by  the  height  of  the  ship's  M.H.  to  water-line, 
and  on  the  bearing,  by  the  ship's  compass  or  the  prismatic  compass 
in  the  boat. 

610.  Accuracy  Involved. — ^The  degree  of  accuracy  obtained 
is  not  very  great,  because,  bobbing  about  in  a  boat,  with  a 
probable  roll  of  the  ship,  the  angle  is  likely  to  be  ±  10'  in  error. 
For  a  height  of  150  feet  the  corresponding  error  of  position  in 
the  boat  when  the  angle  is  1*"  is  about  80  yards;  but,  nearer  to 
the  ship  the  error  of  position  is  considerably  less. 

An  error  in  the  bearing  of  1",  when  the  angle  at  the  boat  is  1**, 
will  be  50  yards ;  so  a  sounding  at  that  distance  may  be  anywhere 
within  50  yards  of  where  it  is  placed. 

520.  Fixing  the  Ship  in  the  Open,  Astronomically. — 
The  ship,  being  the  object  of  reference  from  the  boat,  has  to 
connect  her  position  with  the  shore.  If  the  land  is  not  visible 
from  the  deck  or  from  aloft,  the  ship  must  be  fixed  astronomically 
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by  lines  of  position ;  for  results  obtained  with  sea  horison,  refer 
to  p.  369,  par.  589. 

When  One  Object  in  Si^ht. — If  one  object  is  in  sight,  then 
the  '  true  bearing  *  of  it  will  give  one  line  of  position,  and  other 
lines  must  be  found  astronomically  to  intersect  the  first  (see 
p.  108,  par.  236);  or  if  an  observer  is  left  on  shore,  and  the 
ship  is  visible  to  him,  he  can  take  an  angle  between  her  and  some 
other  fixed  object,  which  again  gives  one  line  of  position  only. 

When  Two  Objects  Visible. — If  two  objects  are  in  sight, 
then  the  T.B.  of  one,  and  an  angle  between  the  two,  will  fix  the 
ship  by  two  *  true  beatings ' ;  this  is  explained  in  True  Bearing^ 
p.  107,  par.  233. 

521.  More  than  Two  Objects  Visible. — Example.— U  more 
than  two  objects  are  visible,  tiien  either  a  fixing  station  pointer 
or,  if  the  objects  are  not  suitable  for  that,  true  bearings  are 
necessary;  or  an  observer  sent  to  the  shore,  can  take  angle 
to  the  ship ;  and  the  ship  take  the  other  angles  to  the  objects 
visible,  and  hence  be  fixed  by  one  direct  'shot,'  and  two 
'calculated'  angles,  as,  for  example: — 

T  is  the  Tongue  lightship. 

N.F.  is  the  North  Foreland ; 
E,  Kentish  Knock  lightship. 

An  observer  at  N.F.  takes 
T  10^  10'  S ;  K  45'  02'  S. 

At  ship, 

N.F.  56*  10'  T  9r  50'  K. 

To  plot  this :   at  N.F.  pro- 
ject the  angle  70**  10'  to  the  Pio.  194. 
right  of  the  line  joining  T  and 
N.F. ;  this  will  give  the  line  shown  in  fig.  194  with  an  arrow. 

Then,  in  A  TNS,  N.F. =70'  10' 

S»56   10 
therefore    T  =  53  40  =  180*  -  (70*  10'  +  56'  10'). 

And  if  the  angle  53'  40'  is  projected  at  T  and  laid  off  from  the 
line  joining  T  and  N.F.,  the  line  so  projected  will  intersect  the  line 
from  N.F.  at  S ; 

and  in  the  second  triangle  N  K  S,  N.F. »  45*02 

at       S  =  9150 
therefore  at      K«  43  08 -180' -(91' 50' +45*  02'); 

and  the  angle  43'  08'  is  projected  at  K  from  the  K  to  N.F.  line ; 
and  the  three  lines  should  intersect  at  S. 

522.  Bounding  a  BhoaL — (1)  The  ship  is  moored  at  or  near 
the  shallowest  part;  at  that  part  because,  in  the  process  of 
sounding  in  this  manner,  there  are  a  far  greater  number  of 
soundings  near  the  point  hom  which  the  soundings  radiate,  than 
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elsewhere;  and  there  will  therefore  be  a  greater  probability  in 
obtaining  a  sounding  at  the  shallowest  part. 

(2)  Whitewash  a  broad  band  just  above  the  ship's  water-line 
abreast  of  the  foremast ;  and  measure  as  accurately  as  possible 
the  height  from  the  fore  truck  to  the  upper  edge  of  the  white- 
wash. This,  as  has  been  explained  on  p.  162,  par.  340,  can  be  done 
with  a  lead  line.  By  lashing  a  spar  to  the  mast  a  greater  height 
is  obtained;  and  the  greater  this  height  the  less  effect  will 
an  error  in  the  total  height,  and  of  observation,  have  on  the 
calculation  of  the  position;  it  is  very  necessary  that  a  flag,  of 
a  dark  colour,  because  of  the  sky-line  against  which  it  shows, 
should  be  hoisted  at  the  mast-head;  or,  what  is  equally  good, 
an  inverted  cone  covered  with  black  canvas. 

623.  Tide  BeductLons  for  M.H.  Angle  Survey.— If  a 
tide-pole  is  not  erected  on  shore  (see  imder  Tides),  which  is  hardly 
worth  while,  accept  the  range  of  the  tide  for  the  day  as  that  of 
the  neighbourhood;  or  obtain  it  by  means  of  a  lead  line  (see 
Tides,  p.  282),  reading  the  soimdings  obtained  by  it,  aver  the  same 
spot,  at  high  and  low  water ;  and,  with  this  *  range,'  and  the  rise  of 
springs,  accepted  from  the  neighbourhood,  and  the  table  supplied 
in  the  Admiralty  Tide  Tables,  form  a  reading  for  each  hour ;  or, 
failing  the  rise  of  springs,  accept  the  empirical  reduction  as  given 
under  Tides,  p.  282,  par.  515a. 

524.  The  Work. — For  the  work,  moimt  a  piece  of  cartridge 
or  other  paper  on  a  drawing-board,  with  flour,  or  starch  for  choice ; 
pins  get  in  the  way. 

Draw  a  straight  line  up  and  down  through  the  centre  of  the 
paper,  and  accept  this  as  the  true  meridian.  Prick  a  mark  in 
the  middle  of  it,  and  mark  this  as  being  the  position  of  the  ship. 

Accept  the  variation  from  the  chart,  or  that  found  for  the 
occasion,  and  draw  a  magnetic  meridian  through  the  position  of 
the  ship :  and  also  draw  a  number  of  similar  meridians  in  different 
parts  of  the  paper,  near  to  or  in  the  space  that  will  be  sounded. 

At  the  bottom  of  the  paper  draw  a  scale ;  whatever  is  adopted, 
remember  that  the  larger  the  scale,  the  more  details  will  be 
required  to  fill  up  the  space,  and  the  closer  can  the  lines  of 
soimdings  be,  as  well  as  the  soundings,  and  the  more  time  it  will 
take. 

525.  Drawing  the  Scale. — Suppose  the  scale  is  4  inches « 
1  mile  =  6084  feet.  Draw  a  line  4  inches  long,  and  subdivide  it 
in  hundreds  of  yards.     If  4  inches  =  6084  feet,  1  inch  =  1521  feet 

=  507   yards,    and   100  yards  =^   inches  =-197    inch  = -788 

divisions  on  the  ^inch  scale  on  the  edge  of  the  protractor; 
200  yards  »  1*576,  300  =  2*364,  and  so  on:  and  tick  off  each 
hundred  yards  from  the  edge  of  the  protractor. 

Make  out  and  paste  on  the  comer  of  the  board  a  table  of 
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distances  for  every  60  yards  corresponding  to  H,  the  height  of 
the  mast-head,  for  V  upwards  (distance  =  H  cot  angle). 

If  the  height  is  150  feet,  look  out  the  natural  cotangent  of  an 
angle  from  1**  upwards  to  about  25*  for  every  20'  of  arc ;  if  this 
cotangent  is  miUtiplied  by  150  feet,  it  will  equal  the  distance  off 
in  feet. 

But  since,  in  our  case,  every  150  feet  is  '8  division  (roughly)  on 

the  ^inch  scale,  then  -— — S—  x  '8  =  distance  by  the  J-inoh 

scale  on  the  edge  of  the  protractor,  for  every  angle ;  and  hence 
the  cotangent  of  the  angle  need  only  be  multiplied  by  8  and 
divided  by  10,  and  the  result  is  a  scale  of  inches  of  paper,  which 
can  be  measured  right  away  with  the  protractor. 

With  the  lead  line  correctly  marked,  tallow  for  '  arming '  the 
lead,  a  small  prismatic  compass,  sextant,  note-book,  a  board,  and 
a  watch,  shove  off,  and  pull  to  a  distance  of  about  50  yards  from 
the  ship,  in  any  direction ;  then  stop,  sound,  and  fix. 

It  will  be  noted  in  this  manner : — 

VII.  A.M.,  22*  50'  N.  87*  E.     .        .        .     6, . 

22*  50'  represents  the  mast-head  angle;  N.  87*  E.  the  bearing 
taken  from  the  boat ;  and  6  is  the  sounding  at  the  *  fix.' 

526.  Bearings  taken  from  Ship  or  Boat. — It  is  better,  as 
a  rule,  for  the  bearing  to  be  taken  from  the  boat,  so  that  the 
worker  can  fix  his  position  as  he  goes  along,  and  knows  where  and 
what  he  is  doing.  If  the  bearing  is  taken  from  the  ship,  the 
sounder  does  not  know  if  he  is  going  straight,  or  where  he  actually 
is,  unless  the  bearings  are  signalled  to  him.  But  in  a  harbour,  as 
shown  by  the  example  that  follows,  it  will  be  more  convenient  to 
use  the  ship's  bearing  (see  par.  527). 

The  bearing  obtained  will  be  laid  off,  with  a  protractor,  through 
the  position  of  the  ship  from  one  of  the  many  magnetic  meridians 
drawn,  and  this  gives  the  direction;  while  the  angle  22*  50' 
will  give  the  distance  from  the  ship,  and  hence  the  boat's  position, 
and  that  sounding  will  be  *  fixed.' 

Then  the  boat  continues,  as  well  as  she  can,  in  the  same 
direction,  guided  by  prismatic  compass  or  the  boat's  compass; 
and  the  leadsman  will  be  called  upon  to  sound,  after  so  many 
strokes  of  the  oars;  the  soundings  he  calls  are  noted,  6^,  6|, 
6^,  6^,  6|.     Then  the  boat  stops  again,  and  fixes. 

11*15'.  N.  88*  E 7. 

7  is  the  sounding  at  that  position,  which  is  fixed  as  before ;  since 
there  are  five  soundings  between  the  two  fixes,  and  they  have 
been  obtained  at  equal  intervals,  represented  by  so  many  strokes 
of  the  oars,  the  space  between  the  fixes  is  divided  so  that  five 
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soundings  will  be  placed  at   equal    distances    apart — ^that    is, 
dividing  the  distance  into  6  thus : — 


•— l-H— I— I— I— • 

This  is  done  by  eye,  and  is  quite  near  enough  (by  most  eyes). 

Then  on  again,  more  soundings  and  more  fixes,  until  the  normal 
depth  is  reached.  Suppose  the  normal  depth  to  be  1 0  fathoms ;  then 
move  on  to  another  bearing  of  the  ship— this  time  perhaps  N.  70'  £. 
Of  course,  the  amount  of  the  change  in  bearing  depends  upon  the 
closeness  of  the  work.  The  distance  from  the  ship,  with  a  height  of 
M.H.  of  about  150  feet,  should  not  exceed  1  mile ;  but  eight  lines 
in  a  quadrant  should  suffice,  and  the  difference  between  each  bear- 
ing will  then  be  roughly  11  to  12  degrees. 

Starting  from  the  outer  end  of  the  line,  steer  towards  the  ship, 
keeping  that  bearing  on  as  near  as  possible,  allowing,  of  course,  for 
tide ;  repeating  the  fixes ;  and  so  continuing  the  process  of  staning 
round  the  ship. 

It  must  not  be  forgotten  what  the  degree  of  accuracy  is  we  are 
working  on ;  all  the  errors  are  large,  as  has  been  suggested.  *8  is 
near  enough  to  '78  to  be  used  as  a  scale,  and  a  |  degree  of  bearing 
either  way  does  not  affect  materially  the  position  at  a  distance  of 
1  mile.  Anything  nearer  than  that,  would  be  straining  at  a  degree 
of  accuracy  which  one  is  unable  to  plot,  and  which  cannot  prac- 
tically be  observed;  one  must  be  expeditious  both  as  regards 
observing  and  plotting,  and,  in  fact,  carrying  out  the  whole  in- 
vestigation :  not  for  the  sake  of  hurrying  through  the  work,  but 
for  the  sake  of  the  *  fixes '  and  change  of  position  while  fixing. 

Here  over-accuracy  is  redundant ;  the  soundings  and  the  leads- 
man, however,  require  all  one's  attention.     (See  p.  291.) 

A  great  aid  to  the  recovery  of  the  position  of  a  shoal  is,  as 
before  explained,  a  sketch  of  whatever  land  may  be  visible,  to 
which  angles  may  be  taken.     (See  sketch,  p.  50,  par.  136.) 

627.  Direction  of  Lines  by  Transits  with  the  Shore. — 
The  following  is  an  example  of  the  survey  of  a  roadstead. 

The  general  system  adopted  is  the  same  as  for  that  of  a  shoal ; 
but  in  running  lines  of  soundings,  it  will  be  more  convenient,  and 
better,  to  steer  for  some  objects  on  shore,  picking  up  transits  or 
two  objects  in  line  to  do  so ;  and  a  more  correct  bearing  can  be 
taken  of  the  point  steered  for  from  the  ship's  compass. 

When  working  on  the  sea  side  of  the  ship,  it  is  only  necessary 
to  get  some  object  on  the  shore  in  line  with  the  ship,  and  to  take 
the  bearing  of  this  object  when  again  on  board. 

528.  l2nes  of  Direction  by  Distant  Objects  nearly 
Parallel — The  lines  so  run  will  be  sufficiently  straight^  so  that 
there  remains  only  the  distance  to  be  observed.  Again,  if  there 
is  distant  land  with  a  distinct  detail,  and  the  ship  lies  between 
you  and  it,  and  if  the  ship  exposes  her  length,  or  part  of  her 
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length,  to  the  boat^  it  may  be  possible  to  run  lines  of  soundings 
almost  parallel. 

Select  a  distant  spot^  and  keep  this  in  line  with  the  bows  of 
the  ship  j  run  on  this  line,  and  take  the  bearing  later,  of  the  distant 
object.  For  the  next  line  take  the  same  distant  spot  and  change 
the  part  of  the  ship  to  keep  in  line  with  it,  a  few  feet  further  aft ; 
run  on  this  line,  and  the  bearing  of  the  distant  object  from  the 
ship  will  give  very  approximately  the  line  of  direction  of  the 
soundings,  and  they  will  be  practically  parallel,  and  so  on,  gradu- 
ally shifting  the  spot  to  a  part  on  the  ship  brought  into  line  with 
the  same  distant  object.  But,  of  course,  this  method  can  only 
apply  to  those  lines  which  lie  on  the  sea  side  of  the  ship,  and 
have  a  distant  high  land  as  background. 

529.  It  should  be  explained  that  the  example  here  given  con- 
sists of  two  distinct  parts,  each  independent  of  the  other.  The  one 
is  a  roadstead,  sounded  entirely  by  mast-head  angle  and  bearing ; 
the  other  part,  is  the  survey  of  the  coast-line  of  the  roadstead. 
Obviously,  the  astronomical  position  of  the  ship,  and  the  position 
of  points  ashore  relatively  to  the  ship,  connect  the  roadstead  with 
any  point  of  the  triangulation  of  the  coast  or  of  the  land. 

The  example  should  be  plotted. 


M.H.  Angle  Subvbt  of  Downham  Bat.    (Plate  IV.) 

28^  March  1904. 

Part  I. — At  low  water  erected  tide-pole  at  Smerby  Point,  the 
north  point  of  roadstead. 

During  the  sounding,  the  ship's  head  remained  N.  12*  E.  by 
compass. 

Approximate  variation  from  chart,  20*  W.  Deviation,  for  N. 
12*  E.  is  3*  E. 

Height  of  M.H.  above  W.L.,  119|  feet. 

Scale  adopted,  6*6  inches  » 1  mile  »  6072  feet. 

Latitude  55*  26'  N.,  by  ex-meridian  twilight  stars,  sea  horizon. 

During  the  flood,  the  ship's  head  remained  at  N.  12*  £.,  by 
compass.  On  the  turn  of  the  tide,  the  ship's  head  remained  at 
S.  27*  W.     Deviation,  2*  W.     Insert  tide  arrows. 

Dtiring  the  soimding  the  tide-pole  reading  was : — 

VII.  15  A.M 2'  3"  (L.W.) 


VIII.  00 
IX.  00 

X.00 
XI.  00 

Noon 


99 


»» 


» 


»» 


2  6 

5  3 

8  3 

9  6 
10  4  (ILW.) 

Rise  of  springs  of  surrounding  coast,  10^  feet.     The  datum  on 
the  tide-pole  is  therefore  1  foot. 
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The  following  sketch  was  taken  from  ship. 


^.c^^..,^ 


9:30 


1200 


76i05        110*40 
•^Kirk 


"IT" 

«*•**>  ViO 
Fio.  195. 


ri^:^r 


Take  a  piece  of  drawing-paper  about  10  inches  square.  Draw  a 
true  meridian  down  the  centre.  Prick  on  it  the  position  of  the 
ship  on  about  the  middle  of  the  meridian  line.  Draw  a  magnetic 
meridian  through  the  position  of  the  ship,  and  plot  the  following 
positions  and  surroundings.  For  tide  reductions  and  how  to  obtain 
them,  refer  to  Chapter  VI.  on  TideSj  p.  265,  and  Example  3,  p.  285. 

8.0  A.H. — Commenced  sounding.     All  bearings  are  from  ship. 

S.E.  of  ship.     Ship  ^  a  house,  bearing  N.  14*  W. 


Line  1. — Ship  150  feet 
H     6J     5f 


H 


9' 20' 
X      4J 
4''50' 
7i     9 
3^15' 


H 
10 


Line  2. — Mound  on  Smerby  Point  <f>  ship.     N.  2*  E. 
3*^00' 10 


Keeping  ^  on 
7i     6i      X 

i**  24'        .         .         . 
4|    a    4 

8*37' 
5       6J 

27*43'      . 

Line  3. — Ship  ^  north  end  of  land. 
24*00' 


N.  15*  E. 


4 
3i 


10*  20' 
7*43' 

X         X 

4*20' 
3  4| 
3*  15' 


2J 


6i 

3J 

4 

4 
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Line  4.— From  ship  S.  27"  W. 
3*02'      . 
5        X      4      X 

S.  28*  W.     4*  49' 

4  X       X 
S.  25"  W.     8"  37' 

4i     5J     6 

Ship  50  feet 

9.0  A.M. 

Lint  5. — For  Mao  Point,  from  ship,  S. 
S.  45°  W.     21°  43'    . 

5  4A    4    4     3f 

S.  46*  W.     5*  41'      . 
3i  2J    2i 

S.  45*  W.     3°  56' 


45°  W. 


5J 


Dry  reef  30  feet,  and  drying  into  Point :  reef  dries  off  south- 
east end  of  Point  about  100  yards. 
Position  of  a  dry  patch  of  rocks. 
From  ship  S.  39"  W.     4"  28'. 
Pulled  along  edge  of  reef,  extending  100  yards  from  shore. 

Line  6. 

S.  66"W.     3*55'     .  .J 


S.  66"  W.     6"  15' 

2f  3  ^ 
S.  62"  W.     10*^30' 

4i  4J  5 
S.  66"  W.     33" 

Line  7. — From  ship. 

S.  85"  W.     60  feet. 

5i    5^     4f 
S.  83"  W.     9"  29 

3i     3J     X      2i     X 
S.  86"  W.     5'  17'     . 

^     U 
S.  85"  W.     4"  16' 

H.W.  line,  30  yards. 

Line  8. 
From  ship,  N.  77"  W.     4"  30' 
Reef  dry  20  feet  nearer  the  shore. 
Between  it  and  H.W.  line  is  dry  sand. 
H.W.  line  is  about  130  yards. 

\\     If     2|     3     Z\ 

N.  77"W.     8"  37'    . 

4  5i  5i 
N.  77"W.     Ship  150  feet. 


\  small  patch 
4 

5f 

H 
If 


1 


3f 

5i 
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10  A.M. 

Line  9. — From  ship. 

N.Se'^W.     33*0'     .  .         .     5i 

5     4f      X 
N.  56'  W.     8*  37'    .  .     3i 

3^     2|     2 
N.  58"  W.     5"  17'    .  .     1 J 

1 
N.eO'^W.     4*25'    .  .       I 

Shore,  90  yards. 

A  patch  of  reef  diy  between  this  fix  and  shore. 

LvM  10. — Reef  dry  a  boat's  length  inside  fix. 

N.  34'  W.     5*  17'    .         .  .1 

If     2f     3i 
N.  32*W.     9*16'    .  .     3f 

4     4f 
N.  34*  W.     27'  45'  .         .  .5 

Line  11. 

N.  14*  W.     27''  45'  .  .         .5 

4^     4 
N.  W  W.     9M6'    .  .     3| 

3i    3i    2i 
N.  12'W.     4''58'    .  .     IJ 

\    \    \    h    \ 
Close  to  shore,  10  yards. 

N.  13'  W.     3*  06' 

The  coast  forms  a  small  cove  about  120  yards  across  and  100 
yards  deep. 

Line  12. 
At  south  extreme  of  Smerby  Point  H.W.  line  10  yards — reef 
dries  out  half-way  from  shore. 

N.  TE.     4*19'        .  .     2\ 

2\    3^     3|     4 
North     9*41' 4} 

4|     5^    5| 

6|  at  ship. 

11.0  A.M. 

Lime  13. — From  ship. 

N.  16'E.     30*  ....     5* 

N.  14'E.     8"01'     .  .     3} 

4i     3}     3i 
N.  15''E.     3*55'      .         .         .         .     2J 

Shore  reef  N.  70'  W. — 20  yards — dry  half-way  to  shore. 
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Smerby  Point  is  a  narrow  peninsula  about  60  feet  wide  and 
100  yards  long,  with  a  rounded  extremity,  on  which  stands  a 
small  mound. 


Lvne  14. — From  ship. 

N.  29'  K     3*  43' 

3^    4 
N.  2,r  E.     5*  17' 

4|    5     6 
N.  29**  K     2r  50' 

Line  15. — From  ship. 

N.  46*  E.     2r  10' 

5f     6     6^^     6^ 
N.  46**  E.     3"  50' 

Noon. — Dinner.     Lead  line  0 


6 
6 


K. 


This  concludes  the  M.H.  angle  survey  of  the  roadstead :  after 
its  fashion  a  completed  piece  of  work. 


Part  II. — For  true  bearing. — Iianded  at  Smerby  Point. 
Sunrise,  28th  March  1904— lat.  55'  26'  N.,  long.  5*  31'  W. 
5.45  A.M.,  ship's  head  S.  27*  W.,  corrected  dec.  2*  50'  N. 


At 


Ol  104'  32'. 
Ship  25'  50'. 


Macringan  Point. 


For  distance  from  ship. 

M.H.  elevation  on  arc  4°  15'  0*. 

off  „   4'  12' 0".     M.H.  119-5. 
The  above  by  T.B,  amd  distance  connects  the  position  of  the  ship 
vfith  the  tria/ngvlated  sv/rvey  of  the  coast-tine  which  follows. 
By  landing  compass,  bearing  of  •«—  Mac  Point  S.  30'  20'  W. 
For  coast-Une.   * 
At  Smerby  Point. 


Mac  Point 


Knock 
Mac  Point 


At  Ox. 

Knock 


9"  50'  Inner  Mac. 

27  55  Bottle. 

41  55  Kirk. 

58  10  Cross. 

78  02  Knock. 

98  00  Cove. 

112  00  Ox. 

58  00  Inner  Smerby. 

76  50  Summit  {b). 

41  45         „       (a). 

46  16  Houses. 

49  00  Cove. 


Inner  Smerby  45  00  Smerby. 
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At  Kirk. 

Mac.  4"*  50'  Inner  Mac. 

27   00  Bottle. 
At  Bottle. 

Kirk  25   20  Smerby  Point. 

Knock  19   20 

Ox  18  00 

Inner  Smerby  12   30 
At  Mac  Point. 

Inner  Smerby    5   50  Smerby  Point. 

Ox  10  00  Smerby  Point  19*  26' Ship.    M.H.  angle 

on  3**  11'  30". 

Knock  13   20  M.H.  angle  off  3**  09'  00". 

Cross  23   30 

Kirk  24   50 

B  Summit       57    30 

House  38   45 

A  Simimit        67    10 

Coast  is  sketched  in  between  the  stations.  From  Smerby  Point 
to  Ox  is  a  hard  rocky  coast.  From  Ox  round  the  small  bight  to 
Knock  is  sand  beach.  Round  Knock  is  rocky.  Thence  through 
Cove  to  50  yards  off  Kirk  is  sand.  Round  Kirk  is  rocky,  and  all 
the  way  to  Inner  Mac  is  rocky.  From  Inner  Mac  to  Mac  Point  is 
a  gradually  rising  cliff,  height  at  Mac  about  60  feet. 

Position  of  rocks  off  coast : — 

1.  Rock  dry  at  L.W. 

Mac,  79'  40' ;  Inner  Mac,  29**  30',  Kirk. 

2.  Rock  dries  2  ft.,  L.W.  springs. 

„     55*  50' ;         „     86'*  30'. 

3.  Rock  awash,  L.W.,  off  Smerby  Point. 

Mac,  69**  00' ;  Knock  <^  Smerby  Point. 


For  elevation  and  topography. 

1.  Fix  of  boat  at  noon  :  — 

Mac,  54''  50',  Bottle ;  90"  10',  Smerby  Point. 

A  Summit. 
Angle  of  eleyation  of  A  Summit  to  Bottle : — 
3"  38'  30" ;  eye,  5  feet. 

2.  Knock.     25"  50' ;  Smerby  Point. 

In.  Mac,  6r  10'.     Kirk  63"  50*;  Smerby  Point. 
Mac,        84"  50'. 

Elevation  of  B  Summit  to  Cross,  6"  34'.     £ye,  5  feet. 
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Ship  at  anchor : — 

Knock  23*  30' ;  Smerby  Point 

Mac,  78''  05'  Kirk  57"  05'. 

Inner  Mac  110"  40'. 

A  Peak  84'  00'. 

B  Peak  57"  30'. 

House  64"  30'. 

Ship  sounding : — 

Steered  to  the  east,  keeping  Kirk  mark  ^  B  Summit. 
6     8i     lOi 
Mac  Point,  55"  20'  Kirk.     35"  40',  Smerby      . 

B. 

Altered  to  southward  : — 

8i     5i 

Mac,  44"  00'  House.     36"  36',  Smerby 

4^ 
B. 


8.0  A.if. 
29  March 
Weighed 
L.W. 


9i     lOi 
Mac,  23"  14' 


Bot.     35"  20',  Smerby 
B. 


9.0  A.M.  Turned  to  starboard,  ^  helm : — 

12 

Mac,  14"  30'         In.  Mac.     40"  43',  Smerby 

4> 
B. 

Heading  to  northward  :  — 

8i    7i         6i     5i       8 
60"  40'        Kirk  <^.       39"  20'  . 
B. 

llf  11^  10^     Gross  <^B. 
8i     7i 
Mac,  53*  20'     Smerby  Point. 

B. 


lOi 


6i 


16 


n 


Hi 


8i 


9.30  A.M.  Finished.     Lead  line  O.K. 
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M,H,  Angle  Table. 

119-5.  cot  a.  6*6 
Height  M.H.,  119 J  feet;  dist.  by  J-inoh  scale  = 60^2 ^^ 

__119'5  .cot  a.  '1x4 
"  92 

47-8 


92 


.  oot  as  *5  cot  a  nearly. 


Scale,  6-6  inches  «  6072  feet. 


Observed  Angle,  ^^^^l  Observed  Angle,  ^^^l 

3*00'  9-54  9''00'  315 

20  8-58  10  00  2-83 

40  7-8  11   00  2-57 


4  00 

715 

12  00 

2-35 

20 

6-6 

13  00 

216 

40 

.   6-12 

14  00 

200 

5  00 

5-71 

16  00 

1-74 

30 

5-19 

18  00 

1-53 

6  00   • 

4-75 

20  00 

1-37 

30 

4-38 

24  00 

112 

7  00 

407 

28  00 

•94 

30 

3-79 

8  00 

3-55 

30 

3-34 

m        • 


CHAPTER  Vlll. 

SOUNDINa. 

The  latitude  and  longitude  of  a  port  or  of  a  river  is  principally 
for  the  purpose  of  locating  it ;  and  its  longitude  may  be  used  for 
the  determination  of  the  errors  of  chronometer. 

The  coast-line  and  coast  details  are  for  the  purposes  of  recogni- 
tion, fixing  positions,  and  indicating  what  searroom  there  is. 

530.  The  soundings  are  to  impart  safety  and  confidence  as  to 
the  depth  of  water ;  and  since  the  bottom  is  not  seen,  those  using 
a  chart  must  blindly  trust  the  depths  and  contours  given :  this 
part  of  hydrographic  surveying  is  probably  the  most  important 
matter  connected  with  it. 

The  ultimate  object  of  sounding  is  to  procure  the  information 
required  for  delineating  the  contour  of  the  bottom,  as  seen  from 
skyward :  the  only  known  method  of  satisfying  this  is  to  measure 
the  depth  of  the  water,  by  means  of  a  lead  line  or  a  long  pole, 
from  a  standard  level  of  the  tide,  this  standard  being  L.W.O.S. 

To  do  this  for  every  spot  in  a  harbour  or  river  would  be  a 
human  impossibility.  The  next  best  thing  is  to  measure  this 
depth  from  as  many  spots  as  are  desirable,  and  to  infer  the 
remainder.  An  accurate  idea  of  the  contour  of  the  bottom, 
where  the  depth  approaches  to  the  normal  draught  of  water 
of  a  ship,  is  essential  for  the  avoidance  of  danger  to  shipping ; 
at  this  depth  there  must  be  less  room  for  inference,  and  more 
measurements  will  be  required  than  in  deeper  water. 

The  first  question  that  arises  is.  What  is  the  best  method  of 
covering  the  most  space  by  the  same  labour  ? 

No  better  illustration  can  be  given  than  that  of  mowing  a  lawn. 
Evidently  parallel  lines  do  the  most  work. 

531.  Sounding  in  Parallel  Lines. — For  sounding,  then, 
parallel  lines  are  the  most  effective. 

532.  Direction  of  Lines  of  Sounding. — The  next  questions 
are.  What  shall  be  their  direction  ?  and,  How  far  shall  these  lines 
be  apart?    And  to  these  there  are  almost  endless  answers. 
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As  regards  direction,  keeping  the  fact  in  mind  that  we  want  to 
delineate  the  bottom,  what  would  be  the  best  direction  on  which 
a  line  of  soundings  will  quickest  show  the  change  of  depths  1 

It  certainly  is  one  at  right  angles  to  the  irregular  contours: 
a  hill  can  best  be  contoured  by  walking  up  and  oyer  it,  and  the 
most  direct  way  is  at  right  angles  to  the  base.  Our  base  for  the 
contours  of  soundings  is  the  level  of  the  coast-line  at  L.W.O.S. 

533.  Probable  Shape  and  Size  of  Shoals. — ^The  irregulari- 
ties or  rises  on  the  bottom  of  the  sea  are  of  yarious  shapes,  and 
are  sometimes  a  continuance  of  the  natural  formation  of  the  land, 
below  the  surface  of  the  water. 

For  example,  land  whose  characteristic  is  hills  of  bare  rocks, 

which  is  fronted  by  a 
coast  studded  with  de- 
tached boulders,  lying 
off  this  again  there  being 
detached  rocks,  or  islets, 
ranging  from  1  to  100 
feet  high,  such  land  will 
probably  be  associated 
with  a  HibTnerged  con- 
^  tinuation  of  that  char- 
acteristic. 

In  such  a  locality, 
only  a  '  sweep,'  such  as 
fishermen's  *  drogues '  or 
'  doors '  connected  to- 
gether by  a  light  line, 
and  towed  at  a  regulated 
Fio.  196.  depth,  could  discover  all 

the  rocks. 
Beyond  the  foreshore,  where  the  coast  is  tide-swept,  the  off- 
lying  irregularities  will  collect  round  themselves,  and  arrest,  the 
silt  which  is  carried  by  the  tide ;  this  silt  forming  a  shelf,  or  a 
bank  or  shoal  lying  parallel  to  the  direction  of  the  tidal  stream, 
or  with  the  general  trend  of  the  coast. 

There  could  be  no  better  illustration  of  this  than  is  shown  in 
fig.  196. 

P  is  a  point  of  land,  and  owing  to  its  nature — huge  boulders  in 
wide  disorder — there  was  a  possibility  of  outlying  rocks  existing. 
One  did  exist  where  shown ;  aided  by  the  direction  of  the  tide,  it 
had  collected  sufficient  silt  to  form  a  10-fathom  bank  with  a  rock 
at  the  end  of  it ;  outside  of  it  the  soundings  were  12  fathoms. 

The  arrows  show  how  the  tides  assisted  in  the  silting-up  pro- 
cess ;  only  by  that  very  silting  was  the  existence  of  the  rock  first 
hinted  at;  the  first  indication  is  shown  by  the  abnormal  curve 
of  the  lO-fathom  line;  though  the  rock  itself  was  missed  by 
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the  first  soiinding  lines — the  ^  hard '  lines  in  the  illustration — by 
running  intermediate  lines  between  them  the  rock  was  eyentually 
discovered. 

Where  the  silt  is  carried  down  by  a  river  current,  it  is  arrested 
near  the  open  sea  by  the  sea-wall,  and  where  the  matter  is 
deposited,  there  forms  a  *  bar '  parallel  with  the  sea-wall  or  coast- 
line, and  at  right  angles  to  the  stream ;  or,  if  the  tidal  stream 
or  current  impacts  at  an  angle  with  the  sea-wall,  the  silt  will 
be  deposited  alongside  of  it,  partly  parallel  with  the  stream. 

Then,  generally  speaking,  the  direction  of  the  line  of  sounding 
should  be  at  right  angles  to  the  general  trend  of  the  coast ;  but, 
as  shown  in  fig.  196,  points  of  land  should  be  treated  with  lines  at 
right  angles  to  the  coast-line  round  them;  or,  in  technical 
language,  the  lines  should  star  out  from  the  point,  as  shown  by 
the  dotted  lines. 

634.  Distance  Apart  of  lines  and  Soundings. — Aa  to 
the  distance  the  lines  should  be  apart,  one  authority  says  ^  inch 
irrespective  of  scales;  that  is,  ^  inch  might  represent  yV  ™^^^ 


on  a  4-inch  scale,  or  \  mile  on  an  inch  scale :  one  is  100  yards, 
and  the  other  400  yards. 

Now  when  these  first  Hues  are  run,  they  must  be  looked  upon 
as  a  sort  of  reconnoitring  line,  and  they  reconnoitre  best  and 
quickest  when  parallel ;  if,  as  the  line  is  run  out  from  the  shore, 
the  soundings  are  increasing  regularly,  it  would  seem  at  first 
sight  that  since  nothing  had  been  caught  nothing  existed  to  catch. 

But,  taking  the  first  distance  of  the  lines  apart  as,  say,  100  yards 
=  300  feet,  let  fig.  197  represent  a  section  of  the  bottom.  A 
and  B  are  two  depths,  obtained  on  each  line  A,  B. 

Suppose  these  depths  are  5  fathoms  or  30  feet,  half  these  would 
be  2^  fathoms— a  dangerous  depth. 

R  represents  a  shoal.  Coidd  such  a  shoal  exist  in  the 
particular  place  that  is  being  sounded,  where  A  and  B  are  300 
feet  apart  and  IIS  =  15  feet? 

Of  course,  it  could  exist  somewhere,  but  will  it  at  that  par- 
ticular locality?  A  to  R  is  50  yards  =  150  feet,  R  to  S  is  15  feet 
(2^  fathoms),  therefore  the  angle  and  slope  of  that  shoal  is 

--^  =  tan  a  =  6'. 
150 

Such  a  slope  could  probably  exist  almost  anywhere ;  in  coral 

water,  sometimes  the  side  may  be  perpendicular,  and  in  abnormal 
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places  the  slope  might  be  45*,  and  the  shoal  be  correspondingly 
less  in  diameter.  But  supposing  it  to  have  a  normal  inclination, 
such  as  lO"*,  and  be  100  yards  in  greatest  diameter,  then,  as 
shown  in  fig.  197,  the  lines  A  and  B,  100  yards  apart,  would 
have  in  their  sounding  missed  the  side  of  the  shoal.  If  their 
distance  is  20  yards  less,  as  at  A'  and  B',  they  would  have  obtained 
a  shallower  sounding  when  on  the  edges  of  the  ^  bank '  than  those 
both  before  and  after,  on  one  or  both  the  lines. 

This  is  called  obtaining  an  indication ;  and  it  is  reconnoitring 
for  these  indications  that  the  first  lines  are  run :  at  what 
distance  apart  will  depend  on  the  part  of  the  world,  the  character 
of  the  land  and  bottom,  the  part  of  the  chart,  etc. ;  for  evidently  a 
blind  passage  is  not  important,  a  greater  margin  of  speculation 
being  admissible ;  whereas  the  main  channel  or  depth  is.  Evi- 
dently a  depth  of  1  fathom  and  under  is  not  navigable  water :  at 
a  depth  of  50  feet  (7  fathoms)  the  slope  of  the  shoal  would  be 
abnormal,  so  that  itis  shallowest  part  shall  be  within  2^  fathoms 

of  the  surface.  Therefore, 
from  7  upwards  the  lines 
can  gradually  be  extended, 
and  probably  then,  in  main 
channels  up  to  5  fathoms, 
the  lines  should  be  about 
100  yards  apart ;  at  1^  and 
under,  about  200  yards; 
Fio.  198.  and  after  7  gradually  in- 

crease the  distance. 
Fig.   198  shows  a  bird's-eye  view  of  the  indication;  for  on 
running  out  from  the  shore  the  depth  suddenly  shallows  on  both 
lines,  and  then  increases  again. 

In  whatever  way  the  lines  on  fig.  193  are  drawn,  one  or  other 
wiU  strike  an  indication — possibly  only  a  small  one. 

The  pith  of  this  part  of  the  work  is,  that  eveiy  sounding  must 
be  taken  with  the  line  in  the  same  position.  It  must  be  '  up  and 
down ';  if  not,  the  relative  soundings  are  of  no  use. 

535.  Lead  Line  must  be  *  Up  and  Down.' — For  suppose 
in  the  above  case  one  line  of  soundings  only  had  passed  over  the 
edge  of  the  shoal,  that  at  4  the  line  was  up  and  down,  and  that 
at  the  next  sounding,  which  should  be  3f,  the  line  says  and 
registers  4  or  over  4  because  the  position  of  the  '  line '  was  not 
true,  then  the  shoal  is  lost,  or  is  never  found. 

536.  Care  in  Bedudng  the  Soundings. — ^Again,  each 
sounding  must  be  reduced  to  the  same  datum,  or  the  shoal  will 
not  be  discovered ;  for  if  one  sounding  is  4  and  the  reduction  is 
^  fathom,  this  reduces  it  to  3^ ;  if  the  next  sounding  to  it  is  4^ 
and  only  a  reduction  of  ^  fathom  is  applied  when  it  should  be 
then  both  will  appear  as  4 ;  whereas  one  is  4  and  the  other  3^ 
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It  is  not  likely  to  happen  in  such  a  case  as  the  above,  but  may 
well  occur  under  many  conditions,  when  dealing  in  reductions 
by  ^  fathoms. 

537.  Effeot  of  Bad  Fixes. — There  is  still  one  more  way  of 
missing  the  shoal,  and  that  is  by  bad  fixing. 

It  has  been  explained,  under  the  section  on  Tides,  that  over 
shoals  the  tide  sets  stronger  than  in  the  surrounding  deeper  water. 

In  the  case  given  above,  it  may  well  happen,  and  does  happen, 
that  the  boat  will  be  swept  a  little  to  one  side,  and  instead  of  the 
sounder  being  on  the  line  he  intended,  he  may  unwittingly  be 
slightly  off  it.  Now  a  bad  fix  is  one  in  which  the  centre  of  the 
station  pointer  may  be  moved  some  appreciable  distance  without 
disturbing  the  legs  off  the  objects.  Well,  the  fix  may  put  him 
either  on  his  line,  or  off  it,  in  which  case  he  naturally,  for  choice, 
accepts  it  on ;  but  the  position  might  equally  be  fixed  to  one  side  of 
his  line,  and  this  is  where  he  probably  is ;  and  so  the  shoal  is  missed. 

Then,  having  decided  that  the  lines  are  to  be  ^  inch  of  paper 
apart  (representing  100  yards),  and  generally  at  right  angles  to 
the  line  of  the  coast,  the  sounder  must  endeavour  by  all  possible 
means  to  keep  to  these  lines,  to  sound  with  the  lead  'up  and 
down,'  and  to  be  very  careful  about  his  relative  reductions. 

538.  Necessary  Conditions  as  to  Effective  Sounding. — 
No  place  can  be  said  to  be  adequately  reconnoitred  unless — 

(1)  The  1,  3,  and  5  fathom  contoiir  lines  off  the  coast  can  be 
distinctly  contoured ;  that  is,  are  reasonably  free  from  ambiguity  ; 

(2)  A  shoal  cast  among  deeper  soundings  is  sounded  in  all 
directions  until  the  normal  depth  is  reached ; 
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(3)  And,  combining  the  two,  the  contour  between  two  soundings 
of  any  depth  can  be  reliably  drawn;  the  distance  between  the 
soundings  depending  upon  the  depth,  and,  in  the  case  of  a  shoal, 
depending  upon  the  relative  depth  of  the  shoal  to  the  normal 
depth. 

For  instance,  in  Case  1,  between  lines  b  and  c,  fig.  199  (a), 
the  3-fathom  contour  cannot  be  inserted  for  that  depth,  as  the 
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distance  between  the  lines  is  too  great.  The  3-fathom  line  might 
take  the  shape  shown  by  the  dotted  lines,  there  being  no  contra- 
indication ;  as  a  matter  of  fact,  such  crooked  lines  have  existed, 
and  are  very  liable  to  ezist  again. 

Case  2,  fig.  199  (b),  illustrates  the  case  of  a  shoal  cast  among 
deeper  soundings.  Left  as  it  is,  the  5-fathom  contour  line  cannot 
be  completed ;  or  it  may  be  drawn  in  a  number  of  directions : 
nor  can  the  6-fathom  line  be  drawn  nor  the  7 ;  8  being  the 
normal  depth. 

(b) 
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639.  When  Neoeesary  to  Bun  More  Tnnee. — It  will  be 
necessary  here  to  run  more  lines,  as  shown  by  the  vertical  hard 
lines ;  and  after  that,  it  may  still  be  found  necessary  to  '  star ' 
it  in  search  of  the  shallowest  possible  sounding;  or  again,  it 
may  have  to  be  done  on  a  larger  scale,  to  make  it  plainer.  (See 
Enlarging  for  Sowndmg,  p.  346,  par.  580;  p.  340,  par.  578.) 

After  the  intermediate  lines  are  run,  there  will  be  more  in- 
formation as  to  the  possible  shape  of  the  shoal,  and  if  it  should 
happen  to  show  a  shape  such  as  indicated  in  fig.  199  (6),  then  more 
horizontal  lines  would  have  to  be  run,  but  this  time  across  the 
first ;  as  well  as  others  as  shown. 

540.  Promiscuous  Soundings.  —  Promiscuous  sounding, 
one  here  and  one  there,  conveys  no  \iseful  information. 

Fig.  200  represents  a  chart.  According  to  the  scale,  each 
sounding  is  200  yards  apart ;  from  their  irregularity,  there  might 
be  as  many  rocks  lying  about  as  a  battalion  in  skirmishing  order. 

No  doubt  the  soundings  that  are  shown  are  there,  and  some- 
where near  perhaps  where  they  are  placed,  and  a  ship  would  be 
safe  enough  over  the  depths  mentioned;  but  then  the  trouble 
arises  in  getting  from  one  sounding  to  the  other. 

Notice  the  anchorage  carefully  marked. 
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The  general  deductioD,  looking  at  these  soundings,  is  that  at  no 
cost  should  a  ship  go  into  such  a  place.  It  would  be  better  if 
there  were  no  soundings  at  all,  as  a  vessel  would  then  send  a  boat 
sounding  ahead  of  her. 

541.  The  IneffeotivenesB  of  'Negative'  Soundings. — The 

same  remark  applies  to  a  negative  sounding :  10  means  that  bottom 
was  not  reached  with  10  fathoms  of  line  out ;  but  there  is  no  informa- 
tion as  to  what  is  the  condition  between  the  soundings — anything, 
in  fact,  might  exist :  the  only  time  when  such  a  form  of  sounding 
would  be  justifiable  in  a  port,  is  when  an  area  has  been  '  swept ' 
and  found  to  be  free  from  rocks  or  shoals  or  patches  within 
10  fathoms  of  the 
surface,  or  of  the 
negative       sounding 

stated ;  or  if  an  area  /  ^ 

is  dredged  out. 

But  this  excellent, 
and  seemingly  perfect 
idea,  may  not  yet 
come  to  pass,  appa]>  /  4'/2 

ently  for  two  reasons ; 
one  being  that  it 
would  be  a  strenuous 
and  expensive  job, 
and  the  other,  that  the 
insurance  premiums 
would  b^  lessened ; 
and  it  is  hard  to  say 
which  is  the  more 
important  considera- 
tion for  the  end  Fio.  200. 
attained. 

To  recapitulate :  to  sound  most  effectively,  or,  in  other  words, 
to  equally  cover  any  space  with  the  least  chance  of  missing  a 
shoal,  it  is  better  at  first  to  run  all  lines  of  soundings  parallel  and 
equidistant  from  each  other;  and  the  soimdings  on  these  lines 
should,  up  to  5  fathoms,  be  not  less  than  100  feet  apart. 

542.  Bzoeesive  Soundings  Thinned  Out. — On  a  scale  of 
less  than  6  inches  there  would  in  this  case  be  more  soundings 
than  could  be  plotted  without  utter  confusion ;  under  such  con- 
ditions, only  those  that  can  be  plotted  are  filled  in,  though  the 
intermediate  ones  must  be  watched  carefully  for  any  indications 
they  might  suggest.  For  instance,  3,  3^,  3J,  4,  4J,  4J,  4,  4J,  5 
(reduced) ;  supposing  there  is  no  room  for  all  these,  the  natural 
act  would  be  to  leave  out  the  odd  ones,  and  to  start  from  the 
second  sounding ;  in  such  case  they  might  be  written  on  the  board 
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3^,  4,  4^,  4},  and  in  consequence  of  such  a  slip  the  shoal 
is  lost. 

It  is  noticeable  that  the  second  sounding  of  4,  which  is  missed 
out,  is  an  indication  of  the  shoal. 

After  5  fathoms,  up  to  7  or  8,  the  distance  apart  of  both  the 
lines  and  of  the  soimdings  might  be  increased  to,  say,  200  yards 
for  the  lines,  and  the  soundings  be  150  feet  apart;  and  it  must 
be  pointed  out  that  even  this  leaves  room  for  many  small  dangers 
between  the  lines,  for,  no  matter  what  the  system  may  be, 
sounding  is  never  infallible. 

But  distance  between  lines  must  depend  upon  the  nature  of  the 
coast  and  the  probable  shape  of  the  bottom,  and  also  the  nature 
of  the  bottom :  a  rocky  bottom  is  more  likely  to  produce  rocky 
and  steep-sided  shoals  than  a  muddy  and  sandy  bottom. 

In  coral  water,  and  where  the  coast  is  bold,  reefs  are  almost '  steep 
to ' ;  and  where  pinnacle-shaped  islets  and  rocks  lie  off  the  coast 
above  water,  the  probability  is  that  the  bottom  follows  suit ;  and 
here,  sight  is  as  effective  as,  or  perhaps  more  so  than,  the  lead, 
since  whirls  and  eddies,  under  perfect  conditions  of  wind  and 
weather,  would  show  themselves;  but  as  many  are  found  by 
accident  as  by  regular  sounding.  By  'accident'  is  meant  that 
a  tide  stream  may  drift  a  boat  over  a  patch  which  is  off  the  line 
of  soundings,  as  also  other  'unavoidable'  accidents,  when  the 
ship  herself  bumps  a  shoal. 

Around  bays  and  '  bights,'  sound  at  right  angles  to  the  general 
trend,  and  here  also  the  lines  may  be  further  apart ;  but  off  salient 
points  of  land,  at  the  entrance  to  a  harbour,  etc.,  the  soimdings 
should  be  closer  together. 

543.  Fig.  201  illustrates  a  general  idea  of  the  direction  lines 
of  soundings  might  take  in  a  harbour.  First,  rule  lightly  the 
lines  intended  to  be  run,  and  closely  adhere  to  them  for  the  reasons 
already  explained. 

Having  made  clear  the  purpose  of  sounding,  and  the  why  and 
wherefore  of  a  system,  the  details  only  will  be  explained. 

First,  there  is  the  boat ;  it  must  be  large  enough  to  allow  room 
for  one  '  hand '  to  throw  the  lead  without  hitting  the  man  behind 
him  on  the  head ;  and  since  his  footing  is  necessarily  precarious 
in  any  small  boat,  the  leadsman  is  usually  given  a  stanchion  or 
pole,  erected  somewhere  in  the  bows,  for  him  to  hold  by  with 
one  hand. 

When  he  pulls  in  the  lead  and  line,  he  will,  if  the  boat  is  not 
under  control  by  steam  or  sufficient  oars,  pull  the  boat's  head  all 
over  the  place.  Besides  him,  there  is  the  other  operator  in  the 
stem  of  the  boat  to  be  considered ;  he  must  have  room  for  a 
board  on  his  knees,  or  resting  somewhere,  so  that  he  can  plot  each 
fix  as  he  goes  along,  otherwise  his  lines  will,  to  say  the  least  of 
it,  be  erratic  and  confusing. 
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For  suppose  the  fix  is  only  plotted  at  the  beginning  and  end  of 
the  line,  then  the  result  shown  in  fig.  202  may  occur,  viz.  a  blank 
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Fig.  201. 


between  lines  a  and  6,  where  two  more  lines  are  required  to  fill  up. 

The  dotted  lines  are  those  that  should  have  been,  and  the  wavy 

lines  are  those  actually,  run. 

They  may  not  even  be  so 

straight  as  shown  in  figure ; 

but,  anyway,  they  are  only 

an  encumbrance. 

But  had  the  fixes  been 
plotted  as  they  were  taken, 
then  the  error  in  the  direc- 
tion could  have  been  recti- 
fied. 

So  that  for  the  operation 
•of  running  systematic  lines 
•of  soundings,  two  men  in  a 
•dinghy  are  useless ;  though 
for  the  purpose  of  verifying  Fio.  202. 

an  occasional  sounding  on 

the  chart,  they  may  suffice.  The  beau-ideal  of  a  boat  for  sound- 
ing is  a  half-decked  steamboat  of  shallow  draught,  about  40  feet 
•or  less  long,  twin-screwed,  with  room  for  a  table  or  a  stem  cabin, 
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on  the  roof  of  which  the  board  and  instruments  can  be  placed  and 
worked. 

The  leadsman  can  either  throw  the  lead  or  use  a  30-foot  pole, 
and  walk  aft  with  the  line  in  his  hand.  The  sounding  is  obtained 
'aft,'  the  fix  is  at  the  same  spot,  and  the  line  being  hauled  in 
from  aft  there  is  less  possibility  of  the  lead  line  fouling  the  screw. 

644.  Distance  Covered  by  a  Boat  Sounding. — In  such 
a  boat,  in  soundings  ranging  from  2  to  10  fathoms,  it  is  possible 
to  run  30  or  more  miles  of  lines  of  soundings  in  a  day  of  10 
hours;  in  a  rowing  boat,  the  distance  covered  will  be  about 
12  miles.  The  time  required  to  sound  out  an  area  can  be 
estimated  accordingly. 

546.  Mcbrking  a  Lead  Line. — A  lead  line  should  be  marked 
in  feet  up  to  5  fathoms.    Wharton  recommends  the  following  plan. 

At  1,  2,  3  fathoms,  pieces  of  leather  with  respectively  1,  2,  3 
tails ;  4  fathoms,  red  bunting ;  5  fathoms,  white ;  6,  blue  ;  7,  red, 
and  so  on.  At  the  intermediate  ^  fathoms  up  to  4^,  blue  bunting 
is  used;  and  each  foot  is  marked  by  a  knot,  the  numbering 
starting  from  each  complete  and  ^  fathom.  Thus  3  fathoms  1  foot 
is  indicated  by  1  knot ;  3  fathoms  2  feet  by  2  knots ;  3  fathoms 
4  feet  by  1  knot  again ;  3  fathoms  5  feet  by  2  knots,  and  so  on. 

The  size  and  thickness  of  the  lead  are  regulated  by  the  supply, 
and  individual  taste,  remembering  that  a  small  line  with  a  small 
lead  reaches  bottom  as  quickly  as  a  thicker  line  with  a  heavier 
lead ;  and  bearing  in  mind  the  labour  entailed  in  heaving  a  heavy 
lead,  and  also  the  awkwardness  of  hauling  in  a  thin  line,  for  many 
hours,  as  also  the  depth  of  water  to  be  sounded.  A  sounding 
pole  is  a  most  efficient  instrument  for  harbour  or  river  work  where 
the  depth  is  less  than  5  fathoms,  as,  with  practice,  it  is  as  easy  to 
handle  as  a  lead  and  line. 

546.  Sounding  Pole. — Obtain  a  light  and  strong  pole,  or  a 
baton  about  2  inches  square,  or  a  bamboo  pole,  about  32  feet 
long.  At  the  heel  fix  an  iron  shoe  sufficiently  heavy  to  sink  the 
pole  nearly  to  its  head  in  an  upright  position,  but  not  so  heavy  as 
to  drag  the  pole  right  under ;  mark  it  in  feet  and  inches. 

The  *  leadsman '  launches  it,  leaning  forward  as  he  does  this, 
holding  on  to  the  end  with  one  hand.  The  weight  of  the  shoe 
pulls  it  downwards,  and  the  speed  of  the  boat  is  so  regulated  that 
the  pole  shall  be  exactly  upright  by  the  time  the  boat  reaches 
the  spot  where  the  shoe  touched  the  water.  The  forward  move- 
ment of  the  boat  assists  the  sinking  of  the  shoe  end,  and  the  final 
'  coup '  is  given  by  the  leadsman  pushing  it '  home.' 

There  can  be  no  doubt  that  soundings  obtained  by  such  means 
are  truer  than  those  made  with  the  lead  and  line. 

In  the  half-decked  boat  suggested,  the  operation  is  simplicity 
itself,  because  the  *  leadsman '  walks  aft  with  it  while  it  is  gaining 
the  upright. 
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547. — To  fix  one's  position  on  a  piece  of  paper  there  must  of 
course  exist  on  the  paper  the  correct  position  of  a  number  of 
objects  that  are  required  for  fixing ;  and  there  should  be  such  a 
sufficiency  that  the  boat's  position  at  any  part  of  the  work  can  be 
fixed.  (See  Trtangulation  and  Mark%^  p.  212,  par.  425,  and 
p.  213,  par.  427.) 

These  *  points '  will  be  ringed,  so  as  to  catch  the  eye,  with  a  small 
circle  in  Indian  ink  or  with  ink  that  will  not  run ;  and  each  labelled 
with  the  name  abbreviated,  or  as  short  as  possible.  Then,  armed 
with  this  paper,  ruled  with  the  lines  to  be  '  run '  and  mounted  on 
the  board,  a  sextant,  station  pointer,  notebook,  pencil,  protractor, 
watch,  and  rough  table  of  reductions,  the  boat  shoves  off. 

When  clear  of  the  ship,  or  when  nearing  the  locality  where 

Ann 
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Fig.  208. 

operations  are  to  commence  (see  fig.  203),  stop,  and  fix  according 
to  the  following  directions. 

648.  First  Steps  in  Sounding. — Noting  quite  roughly 
where  the  boat  appears  to  be,  look  on  the  paper  for  suitable 
objects  to  fix  with.  Roughly  speaking,  take  a  suitable  near 
object  as  the  middle  one  \  look  for  another  on  the  left  of  it, 
making  an  angle  of  about  90**  with  the  first  object,  and  nearly  the 
same  distance  off;  then  another  object  to  the  right  of  the  middle 
one,  but  much  further  away;  or  adopt  one  of  the  many  other 
good  fixes  available. 

No  one  undertaking  responsible  work  in  a  survey,  should  be 
permitted  to  take  angles  for  fixing  who  has  not  been  instructed  in 
the  matter  by  good  teachers,  and  passed  through  a  preliminary 
examination  (see  chapters  on  Fixing^  pp.  64-96).     The  angles  are 


812  HYDROGRAPHIC  SURVEYING. 

placed  on  the  station  pointer,  and,  as  explained  on  p.  71,  par.  181, 
the  boat's  position  found,  which  is  marked  with  a  pencil  dot. . 

In  fig.  203,  let  X  be  the  position  of  the  boat  at  this  fix. 
The  surveyor  writes  down  date,  hour,  sounding,  in  the  following 
way: — 

Chas  (short  for  Charles)  78"  10'  Bat  45*^  40'  Ann  .        .     6 J 

Looking  at  the  lines  as  drawn,  it  is  decided  to  commence  at  P, 
where  the  ring  is  shown,  and  to  continue  on  the  line  indicated 
by  the  direction  of  the  arrow. 

So  the  boat  is  steered  towards  Charles,  and  judging  P  to  be 
about  half-way,  the  boat  is  stopped  near  the  mid  distance,  and 
"  fixed  "  again ; 

Chas  42'  50'  Bat  115"  00'  Ann. 

This  fix  places  the  observer  at  Y.  Evidently  he  must  steer  a 
little  towaids  Bat;  in  doing  so,  the  angle  between  Charles  and 
Bat  will  shift  very  rapidly,  and  that  between  Bat  and  Ann  not 
at  all,  or  very  slightly. 

549.  Picking  up  a  Position  by  an  Angle. — If  the  centre 
of  the  station  pointer  is  placed  at  P,  the  middle  leg  over  Bat, 
and  the  left  over  Chas,  the  angle  indicated  by  them,  if  placed  on 
the  sextant,  will  be  the  left  one  at  the  spot  P :  that  particular 
angle  was  chosen  because  it  was  the  one  that  would  be  changing 
the  most  rapidly  in  going  from  Y  to  P. 

Had  the  direction  been  directly  towards  Bat,  then  the  whole 
angle  (the  sum  of  the  two),  that  is  from  Chas  to  Ann,  would  have 
changed  the  most,  and  it  would  have  been  taken  off  the  pointer 
and  set  on  the  sextant. 

Having  set  the  angle  C  -  B  on  the  sextant,  now  steer  in  a  direc- 
tion about  mid-way  between  A  and  C  (any  object  selected  on  the 
coast-line  will  give  this  direction),  and  looking  at  Chas  through 
the  clear  part  of  the  horizon-glass,  move  on  till  Bat  appears  in 
the  reflected  part ;  then  fix  again,  and  the  boat  will  be  at  P  0  or 
somewhere  near  it.  It  is  not  absolutely  necessary  to  be  exactly 
on  the  dot,  but  as  close  to  it  as  is  reasonable. 

This,  then,  is  the  position  to  begin  from,  and  it  is  advisable  to 
*  hang  on  '  here,  either  by  anchoring,  or  keeping  the  lead  on  the 
bottom  and  the  boat  over  the  lead ;  the  object  being  to  maintain 
your  position  until  the  future  line  of  direction  is  ascertained. 

550.  Laying  Off  and  Setting  Angle  to  Direction  of  Line. 
— It  is  now  required  to  steer  in  the  direction  P  to  6  (see  fig.  203). 

Place  the  centre  of  the  station  pointer  at  P,  the  middle  leg 
over  Dog,  and  the  right  (if  possible)  along  the  line  P6;  if  not 
possible,  on  account  of  the  small  angle,  use  the  left  over  Dog  and 
the  middle  over  Fb ;  read  off  the  angle  D  P6  as  indicated  on  the 
pointer,  and  set  this  angle  on  the  sextant. 
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Point  the  sextant  to  Dog,  and  look  at  it  through  the  clear  part 
of  the  horizon-glass ;  some  shore  object  will  be  seen  through  the 
silvered  portion  of  the  glass  superposed  on  Dog.  Take  special 
note  of  this  object,*  which  may  be  the  branch  of  a  tree,  or  even 
a  leaf,  or  one  stone  darker  than  another;  this  object  will  be 
on  the  line  Fb  produced  to  the  shore;  then  put  the  sextant 
down,  and  select  another  object  in  line  with  the  first,  but  much 
further  off;  by  keeping  these  two  objects  in  transit,  the  boat  will 
remain  on  the  line  P6,  though,  owing  to  wind  or  tide,  she  may  be 
heading  in  another  direction. 

Then  up  lead  or  anchor,  and  begin  sounding,  always  keeping 
the  marks  in  transit. 

651.  When  to  *  Fix '  on  the  LineB. — The  last  *  fix '  at  P  reads 
VII.  30,  C  73'  00'  B,  iS**  00'  A  ....  1  fathom.  The  directions 
given  were  that  soundings  were  to  be  obtained  at  every  100  feet, 
so  an  attempt  will  be  ms^e  at  first  to  guess  where  they  should 
be  taken.  If  the  boat  is  being  pulled  against  the  tide,  try  every 
10  strokes  of  the  oars ;  or  if  a  steamer,  say  every  5  seconds  of 
time.  At  the  end  of  every  10  strokes  or  5  seconds,  sound.  The 
soundings  are,  say.  If,  3,  4^,  5,  5^. 

If  a  rough  table  of  reduction  supplied  directs  that  at  VII.  30 
the  reduction  to  be  made  is  about  \  fathom,  then  the  last  sounding 
taken  will  reduce  to  about  5. 

The  5-fathom  line  is  important  because  it  is  a  warning  danger- 
line  for  shipping;  therefore  it  must  be  fixed  as  accurately  as 
possible  The  only  way  to  do  this  will  be  to  *  fix  *  when  the  last 
5  (reduced)  is  found  when  pulling  away  from  the  shore,  and 
where  the  first  5  (reduced)  is  picked  up  going  towards  the  shore. 

In  this  case  it  is  decided  to  fix  at  the  next  sounding,  which  is 
C  75'  30'  B  47'  10'  A  ...  .  5J. 

552.  How  to  SpcLce  the  Soundings. — This  '  fix '  is  plotted 
by  station  pointer  and  marked  with  a  pencil  dot  as  shown  in 
fig.  203 ;  P  being  the  starting-place  and  /  the  last  *  fix.'     This  is 

P  f 

% A^ ght»        4lni        n\^ 1  sU 

Fig.  204. 

shown  more  distinctly  in  fig.  204,  an  enlargement  of  part  of  fig.  203. 
At  P  the  sounding  reduced  was  f  and  at  /  it  is  5 J ;  between 
P  and  /  there  are  5  soundings. 

Make  a  dot  half-way  between  P  and  /,  and  between  that  dot  and 
P  and  /  place  two  more  dots  at  equal  distances  apart ;  there  will 
then  be  five  dots  shown  by  lines  in  fig.  204.  Starting  from  P,  plot 
the  soundings,  and  they  will  appear  as  in  that  figure. 

653.  B^gvilating  the  Distance  between  Soundings 

Now  on  measuring  the  distance  between  P  and/  in  fig.  203  it  is 


814  HYDROGRAPHIC  SURVEYING. 

found  to  be  '8  of  an  inch ;  and  this  on  a  6  inches  to  the  mile  scale, 

8      1 
supposing  the  plan  to  be  on  that  scale,  is  --  x  ^ .  6000,  or  roughly 

10     o 

»  800  feet ;  and  since  there  are  6  spaces  between  P  and  /,  then 
each  space  will  =  135  feet.  That  is  longer  than  was  ordered. 
This  indicates  that  10  strokes  of  the  oars,  or  5  seconds  of  time, 
gave  too  long  an  interval,  and  another  guess  is  made  in 
reducing  it,  which  will  probably  not  be  far  out.  This  will  con- 
stantly have  to  be  altered  to  allow  for  wind  and  tide. 

If  it  happens  that  5  soundings  cannot  be  legibly  plotted,  3 
soundings  only  are  entered.  But  when  it  comes  to  a  shallow 
patch,  every  sounding  taken  must  be  plotted,  and  be  weeded  out 
later  in  the  quietude  and  seclusion  of  a  room  ;  or  the  whole  shoal 
be  re-plotted  on  a  scale  enlarged  from  the  original,  and  then,  if 
necessary,  re-sounded,  as  demonstrated  in  Example,  p.  324. 

Thus  the  soundings  continue ;  but  by  the  time  these  soundings 
have  been  plotted  the  boat  may  be  off  her  line,  unless  she  was 
anchored.  Up  again  on  the  line  of  the  transits  she  must  go, 
and  the  soundings  continue — 5^,  6,  6,  5,  3f ,  3^  ;  and  it  is  decided 
to  '  fix '  the  next. 

Then  VIII.  00,  C  88°  30'  B  87^*  00'  A  .  .  .  .  3J.  Sometimes 
the  transits  may  be  'lost,'  that  is,  the  back  one  may  be  shut  out ; 
in  that  case  another  and  nearer  one  must  be  taken.  Sometimes, 
while  the  necessary  directing  angle  is  being  'taken  off'  with  the 
station  pointer,  the  boat  has  drifted ;  then,  of  course,  the  line  of 
direction  will  be  in  error ;  and  that  would  produce  such  lines  as 
are  shown  in  fig.  202. 

It  is  entirely  a  question  of  quickness  and  accuracy  in  fixing, 
and  in  the  use  of  instruments,  and  practice  in  'picking  up' 
objects  to  run  on  ;  and  see  Appendix  II. 

At  first,  then,  it  is  far  better  for  a  beginner  to  anchor  at  both 
ends  of  the  line,  so  as  to  make  quite  sure  where  he  really  is,  and 
about  the  directing  objects  to  run  on. 

Having  then  arrived  at  the  end  of  the  line,  the  boat  is  again 
'  fixed,'  and  supposing  she  is  anchored,  it  may  be  found  easier  to 
plot  the  soundings  between  the  fixes,  than  when  the  attention 
is  drawn  off  by  the  steering  and  plotting  while  moving  from  '  fix ' 
to  '  fix ' ;  but  each  '  fix '  must  be  plotted  when  it  is  taken. 

Then  the  sounder  moves  on  to  the  next  line,  '  picking  up '  his 
position  at  the  end  of  the  line  as  he  did  before. 

564.  Steering  by  Transits  Astern. — In  fig.  201  it  wiU  be 
noticed  that  when  following  line  8-9  the  boat  is  heading  seawards, 
and  there  is  nothing  ahead  for  fixing  the  direction  by ;  in  such 
case  the  observer  takes  '  transits  astern,'  by  simply  projecting  the 
line  to  be  run  through  the  land  astern  of  him,  laying  off  an  angle, 
as  before,  from  the  fixed  object  making  the  smallest  angle  with 
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his  line  (see  Appendix  II.,  Errors  in  Projecting  Lines  from  a 
Position  in  Error),  and  then  the  process  continues  as  before. 

On  this  line  he  may  have  a  fair  wind,  and  the  strokes  of  the  oars, 
or  the  time,  will  have  to  be  reconsidered  from  what  it  was  when 
he  was  going  head  to  wind. 

Cases  might  arise  where  there  are  no  possible  transits  astern 
which  can  be  picked  up.    If  too  near  the  shore,  pull  out  a  little  way. 

If  the  coast  be  a  barren  desert  of  sand,  or  devoid  of  prominent 
marks,  the  observer  must  erect  his  own  transits  with  anything 
handy:  one  set  for  running  out  on,  and  another  for  running 
back  on ;  and  these  will  be  shifted  at  the  end  of  each  pair  of  lines. 

The  distance  between  the  outer  pair  can  be  measured  by 
lead  line,  and  the  inner  pair  adjusted  by  angles,  as  in  fig.  205 
(a  ==  180  -  6),  {a  =  180  -  6') ;  or  they  can  be  adjusted  by  prismatic 
compass  bearings  ;  but  when  far  enough  from  the  coast,  the  boat 
must  be  fixed  by  angles  as  soon  as  possible,  and  as  often  as 
possible.  The  transit  line  in  going  in 
must  not  be  accepted  as  a  fixing  line  if 
this  can  possibly  be  avoided. 

In  the  case  of  a  steep  cliff  faced  by  t 
an  open  sea  there  may  be  no  means  j 
of  obtaining  transits   either  in   or  out.      I  {  | 

The  only  possible  way  out  of  the  diffi-      I  i  | 

culty   is   to   steer   a    course   by  boat's      i  !  | 

compass,  and  find  what  the  compass  does      i  i  I 

show  for  the  direction  you  want  to  go  in ;      |  i  I 

or,  conversely,  steer  any  course  near  the  >  ' 

supposed  one  by  the  compass,  and  let  Fiu.  205. 

that  course  take  you  where  it  will.     The 

next  line  parallel  to  this  in  that  direction  will  be  the  same  course ; 
but  of  course,  fixing  by  angles  must  be  resorted  to  as  soon  as 
possible,  as  until  this  is  done  the  boat's  course  by  compass  and 
the  distance  by  patent  log  must  suffice. 

When  close  in,  the  fix  will  be  '  shore  100  yards '  (see  example, 
par.  565) ;  and,  judging  distance  by  the  shore,  the  next  line  will 
be  run ;  usually  there  should  have  been  arrangements  made  for 
such  a  contingency,  and  here  and  there  along  the  cliffs  white- 
washes fixed  for  the  very  purpose  of  sounding.  (See  example, 
'  Extending  the  Marks  for  Coast  Sounding,'  p.  262,  par.  453.) 

665.  Necessity  to  'Keep  Over'  the  Lead. — Let  it  be 
repeated  that  the  lead  line  must  be  vertical  *  up  and  down,'  as 
when  working  with  the  wind  the  boat  is  very  liable  to  overrun 
the  line. 

In  a  strong  tide,  where  it  is  impossible  to  have  the  lead  '  up 
and  down,'  and  soxmdings  at  such  times  are  all  but  useless,  wait 
for  slack  water.  In  a  lumpy  sea,  harbour,  or  river,  soundings  are 
also  very  doubtful  readings.     In  deeper  water  it  is  possible  to 
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make  out  a  table  of  corrections  for  the  angle  of  the  line  from  the 
perpendicular ;  here  a  small  error  of  a  foot  or  two  is  not  of  so 
much  consequence. 

656.  Sounding  should  be  done  Deliberately. — Sounding 
under  the  best  conditions  is  necessarily  strenuous  work ;  some 
are  better  adapted  to  this  style  of  work  than  others.  Sounding 
for  continuous  hours  and  days  is  trying  to  the  nervous  system ; 
and,  as  in  every  other  branch  of  labour,  long  hours  do  not 
necessarily  mean  a  corresponding  increase  of  good  work. 
Under  no  conditions  should  sounding  be  done  hurriedly. 
Probably  the  slower  and  more  deliberately  it  is  carried  out  the 
better  will  the  result  be.     (See  par.  544.) 

567.  Final  Reductions  made  Later. — Later  in  the  evening 
the  tide  registration  will  have  to  be  produced,  and,  if  necessary,  all 
the  soundings  again  reduced,  plotted,  and  inked  in ;  while  later 
still  the  work  can  be  analysed  to  see  if,  and  where,  intermediate 
lines  should  be  run.     (See  example,  P.M.  Bay,  Plate  XIV.) 

In  this  way  the  whole  harbour  is  gradually  sounded  out ;  the 
buoys,  piles,  etc.,  can  be  subsequently  '  fixed '  by  going  to  each 
one  and  taking  angles. 

668.  Sounding  over  Mud-  and  Sand-flats  Necessary. — 
It  is  immaterial  at  what  period  of  the  tide  soundings  are  obtained, 
though  to  obtain  the  necessary  data  to  enable  a  truthful  state- 
ment to  be  made  about  the  drying  of  mud-  or  sand-flats  they 
will  have  to  be  sounded  while  there  is  water  on  them ;  and 
supposing  the  sounding  is  2  feet,  and  the  reduction  is  6,  then 
evidently  that  particular  spot  will  dry  4  feet  at  L.W.S.,  and  is 
marked  i. 

If  one  boat  can  go  over  these  flats  at  a  certain  time  of  tide, 
another  of  the  some  draught  can  do  so  also ;  and  a  chart  is  for 
the  use  of  boats  as  well  as  for  ships. 

There  are  short  cuts  for  barges  across  most  of  the  flats  at  the 
estuary  of  the  Thames.  And  these  short  cuts  will  save  hours, 
and  may  save  days  and  perhaps  many  pounds  to  the  owners.  It 
serves  no  purpose  whatever  to  write  across  a  mud  or  sand-flat 
that  it  dries  at  L.W.S. ;  but  it  would  seem  to  serve  the  purpose 
best  of  all  if  the  depth  at  half-tide  were  stated  on  such 
places. 

559.  Soundings  in  a  River.  ^-In  a  river  the  soundings 
would  be  carried  out  in  exactly  the  same  manner,  from  shore  to 
shore  in  parallel  lines. 

In  a  creek,  a  line  up  the  middle  must  suffice ;  here  a  line  of 
negative  soundings  would  serve  the  purpose,  and  this  introduces 
the  'submarine  sentry.' 

660.  Description  and  Use  of  the  '  Submarine  Sentry.' — 
This  ingenious  contrivance  is  evolved  from  the  following  idea. 
Suppose  a  stupid  small  boy  is  flying  a  kite  and  there  is  no  wind. 
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If  he  runs  along  at  a  steady  paoe,  with  a  certain  length  of  line, 
the  kite  will  remain  aloft  at  exactly  the  same  vertical  height 
from  the  ground,  the  vertical  height  depending  upon  the  length 
of  the  string  *paid  out.'  Reverse  the  process,  and  tow  a  wooden' 
kite  in  the  water.  Going  at  a  steady  speed,  with  the  same  length 
of  line  out,  the  kite  will  tow  at  a  certain  vertical  depth ;  and  the 
vertical  depth  will  vary  with  the  speed  and  the  length  of  line. 
The  arrangement  is  not  kite-shaped,  but  it  is  slung  on  the  same 
system  as  a  kite.  A  fisherman's  *  drogue,'  or  *  door,'  acts  exactly 
on  the  same  principle,  and  is  made  use  of  by  them,  to  sink  their 
nets  below  the  surface.  The  ingenious  part  of  the  sentry  is  that 
it  has  an  iron  tripper  on  its  stem,  which  projects  below  the 
base  of  the  arrangement. 

Now  the  kite  can  be  set  to  a  particular  depth ;  and  is  towed 
over  an  area,  in  parallel  lines,  at  any  speed;  like  mowing  a 
lawn.  If  it  should  strike  a  less  depth,  the  iron  tripper  takes  the 
shock,  releases  a  trigger,  and  shifts  the  line  from  the  kite-slung 
fashion,  to  a  position  at  the  end  of  the  kite,  and  it  bobs  up  on 
the  water.  Where  it  has  been  towed  and  has  not  struck  bottom, 
it  registers  an  area  of  '  no  bottom '  at  the  depth  set — ^a  record 
supplementary  to  the  soundings  already  shown. 

In  shifting  this  position  of  the  'sling'  a  great  deal  of  the 
pressure  is  taJ^^en  off,  and  a  contrivance  can  be  rigged  up  supple- 
mentary to  that  already  supplied,  by  connecting  it  with  the  ship's 
or  boat's  steam  whistle  or  syren,  whereby  that  sounds  an  unmis- 
takable alarm,  and  no  watching  is  therefore  required. 

561.  Re-meeiBuring  Lead  Line. — On  returning  from  the 
day's  labour  the  lead  line  must  be  re-measured. 

It  may  have  been  in  use  eight  or  ten  hours,  and  it  was  probably 
stretched.  For  example,  at  the  standard  3-fathom  measurement, 
the  line  may  show  2|  fathoms ;  this  is  the  equivalent  to  using  a 
wrong  scale. 

If  the  scale  is  too  long,  distances  or  lengths  measured  on  it 
will  be  too  small ;  therefore  the  correction  will  have  to  be  +  to  all 
the  soimdings,  proportioned  to  the  hours  the  line  was  in  use ;  and 
as  every  division  on  the  scale  is  an  error,  each  scale  division  will 
have  to  be  proportioned.  For  instance,  supposing  during  10 
hours  the  2-fathom  mark  has  stretched  3  feet — that  is,  for  a 
correct  length  of  2  fathoms  it  shows  1^ — it  has  to  be  accepted  as 
having  stretched  -^  foot  per  hour. 

Starting  at  VII.  00  a.m.  ;  3  hours  after,  viz.  X.  00  a.m.,  it  will 
give  a  sounding  of  1  foot  too  little  at  2  fathoms ;  at  4  fathoms, 
it  has  stretched  6  feet,  i.e.  -^  foot  per  hour,  therefore  at 
X.  00  A.M.  it  will  give  a  sounding  of  nearly  2  feet  (3  x  -^  foot) 
too  small;  3.t  4  fathoms  at  noon  the  error  will  be  half  a 
fathom. 

These  little   adjustments  may   quite  alter  the  complexion  of 
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the    results    of    the    soundings.      If    working    in    fractions  of 
fathoms : 

From  6  inches  up  to  2  feet  the  reduction  is  \  fathom. 

From  over  2  feet  to  3  feet  9  inches 

Over  3  feet  9  inches  to  5  feet 

Over  6  feet  to  6  feet  ,.  „         1 


>> 


» 


>» 


99 


99 


)l 


19 


>» 


}» 


562.  Quarter  Fathoms  not  shown  above  6  Fathoms. — 
Soundings  up  to  6  fathoms  are  inserted  in  ^  fathoms.  No  ^'s 
are  registered  between  6  and  7 ;  so  that  6^  is  entered  as  6,  and 
6f  as  6^.  At  greater  depths  than  7  fathoms,  no  fractions  are 
shown ;  thus  7^  and  7|  appear  as  7,  while  7f  is  8. 

563.  Demonstration  of  Reductions,  and  the  Relative 
Alteration  in  the  Depths. — Fig.  206  illustrates  graphically 
what  is  meant  by   tide  reductions.     Here  the  soundings  are  in 


Datum  1-3 


Fig.  206. 


fathoms  and  feet,  and  the  reduction  is  made  in  feet ;  the  depth  is 
shown  in  fractions  of  fathoms.  The  vertical  dotted  line  is  the 
amount  of  the  reduction,  and  is  the  difference  in  the  reading  of 
the  tide-pole  at  L.W.S.,  and  at  the  instant  of  sounding,  as 
shown  on  the  left  of  the  figure;  the  soundings  actually  taken 
are  3/3,  3/3,  3/4,  3/5,  and  the  figure  illustrates  the  case  of  two 
similar  soundings  (viz.  3|,  3^)  obtained  near  the  same  spot  at 
different  hours  of  the  tide. 

But  when  the  reductions  are  applied  they  produce  a  different 
depth  at  L.  W.S.  and  show  a  rise  in  the  bottom ;  and  moreover  as 
the  soimdings  gradually  increase  the  depths  are  shown  to  be 
correspondingly  shallower.  The  unevenness  of  the  bottom  is  not 
evident  to  the  sounder,  unless  he  applies  the  reduction.  In 
the  absence  of  a  table  of  reduction,  any  empirical  scale  near  the 
correct  one  (see  p.  282,  par.  515a)  must  serve  the  purpose  at  firsts 
if  the  work  is  to  be  intelligently  carried  out. 

The  soundings  shown  in  fig.  206  are  not  necessarily  taken  all  on 
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the  same  line ;  they  may  have  been  obtained  partly  by  one  line, 
and  partly  on  another  crossing  the  firsts  but  at  a  different  hour. 
Three  examples  are  given  below : — 

(1)  Sownding  on  and  off  a  eo(ut-lint^  showing  the  lines  of  sound- 
ings CIS  well  as  the  subsidiary  lines^  on  account  of  the  ^udlower 
casts  t?uit  were  obtained  in  the  first  going  off. 


}2)  Sownding  of  a  point. 


^3)  Starring,  or  crossing  amd  re-crossing  a  shoal. 

664.  Soundixig  off  a  Qoaat  in  Feet  and  Inches,  and 
finding  a  Shoal,  showing  the  Subsidiary  Lines  run. — 
Example  1  (Plate  V.).— Plot  the  following  positions  (fig.  207), 


Tower 


Hill 


Tree  I  X         I  mHut 

e  1  >^\        I  w 


which  are  necessaiy  for  'fixing'  purposes.     AB  is  a  measured 
length  =  1620  feet.     The  following  angles  were  observed : — 

At  A,  Hill      55'  20'  B 
Tower  94    15 
Hut      20   30 
Tree      67    10   Tower 

At  B,  Tower  24  55  Hill  (H) 

86  10  Hut 

Tree      62  20  Tower 

A  62  05 

At  Tower  (T),  A  is  not  visible  from  T,  though  the  staff  at  Tower 
is  visible  from  A. 

B  6r  50'  Tree 
Hill  23   45   B 
Hut  37   30 

To  plot  these  positions,  B  to  Tower  (T)  is  the  adopted  plotting 
side ;  and  its  distance  must  be  calculated  '  through '  triangle 
T  A  B  and  *  through '  triangle  T  B  H. 
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In  A  TAB,  A  94*  16' 

B  62   05 
T  23   40   (calculated) 


180  00 
TB:  ABiisinA  rsinT 

TB  =  AB.?^  =  AB.8inA.cosecT. 
sinT 

logAB     3-161844 

log  sin  94''  15'     9  998804 

logcosec  23   40    10*396406 


log  3-577054  =  3776-2  feet  =  T.B. 

In  A  ABH,   A  55*  20' 

B  87   00   (24'*  55'  +  62'  45') 
H  37   40   (calculated) 

180  00 

B  H  :  A  B  : :  sin  A  :  sin  H. 

sm  A- 
B  H  =  A  B .  -; — — :  =  A  B .  sin  A .  cosec  H. 
sin  U 

logAB     3-181844 

log  sin  55'*  20'     9-915123 

logcosec  37   40    10-213911 


log  3-310878  =  2045-8  feet. 

In  A  TBH,   T     23' 45' 

B     24   55 
H  131    20  (calculated) 


180  00 
TB:BH  ::8inH  :sinT. 

T  B  =  B  H . -!i^=:  B  H .  sin  H  .  cosec  T. 
sin  T 

logBH     3-310878 

log  sin  131*20'     9875571 

logcosec  23   45    10-394968 

log  3-581417-3814-3  feet  =  T.B. 

The  first  result  of  T  B  =  37762 
The  second  „  „    =3814  3 


7590-5 
mean  =  3795-25  feet. 
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The  scale  adopted  was  4  inches  »  1  mile  «  6081  feet. 
Therefore  6081  :  3795-2  : :  4  :  X. 


X,  in  inches  of  paper,  = 


4.3795-25     15181 


6081 


6081 


log  15181     4-181301 
log  6081       3-783975 


0-397326  =  2-496  inches. 

The  true  bearing  deduced  of  T  from  B  was  N.  30**  30'  W. 

Now  draw  a  true  meridian  through  the  centre  of  the  paper. 

Assume  B  on  the  meridian,  to  be  in  the  middle  of  the  line. 

Lay  off  by  chords  (see  p.  56)  the  T.  B.  of  T  (30'  30'),  and 
along  the  line  projected  measure  2-496  inches.  This  will  place 
T  on  the  paper. 

Then  from  B  and  from  T  project  all  the  angles  taken ;  and  so 
plot  the  positions  of  Tree,  A,  Hill,  and  Hut.  When  A  is  plotted 
from  B  and  T,  project  the  angles  taken  at  A. 

There  is  bound  to  be  a  small  '  cocked  hat '  at  Hill,  because  the 
line  T  B  is  a  compromise  between  the  length  obtained  *  through  ' 
triangle  A  B  T  and  *  through  *  triangle  T  B  H ;  but  probably  the 
*  cocked  hat '  is  smaller  than  if  only  one  of  the  results  had  been 
accepted  instead  of  the  mean. 

A  tide-pole  was  set  up  on  the  beach,  and  read — 

At  X.  00  A.M.    6  feet    .         .     L.W. 
IV.  15  P.M.  22  feet    .         .     H.W. 
Springs  rise,  22  feet. 

From  the  above  data  the  *  range*  of  the  tide  for  the  day  is 
16  feet ;  half  *  range '  =  8  feet ;  the  springs  rise  is  22  feet ;  therefore 
mean  water-level  =11  feet. 

(Refer  to  Appendix  XL,  Plate  XTX.,  or  to  table  in  Inman's 
Tables.) 

The  reductions  to  the  soundings  will  be  : — 


ft.  ft. 

in.  ft. 

in. 

ft.  ft. 

in.   ft. 

in. 

At  X.  00 

11-8 

0-  3 

0 

At 

IV.  00 

11+8 

0=19 

0 

30 

11-7 

9=  3 

3 

III.  30 

ll-f-7 

9  =  18 

9 

XL  00 

11-6 

11=  4 

1 

III.  00 

11+6 

11  =  17 

11 

30 

11-5 

8=  5 

4 

IL  30 

11+5 

8  =  16 

8 

XII.  00 

11-4 

0=  7 

0 

IL  00 

11+4 

0=15 

0 

30 

11-2 

1=  8 

11 

I.  30 

11+2 

1  =  13 

1 

I.  00 

11-0 

0  =  11 

0 

X.  00  A.M.     Commenced  sounding.     Soundings  are  in  feet,  and 
taken  to  3  inches  in  the  shallow  parts. 

21 


« 

.     37 

37/6 

• 

.     34 

20 

34/8 

20/6 

» 

.     19 

3/1 

19/6 

3/1 
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_  n.  Sounding      Rednc- 

Time.  Fix.  at  Fix/         tion. 

X.  00  A.M.  Tree  84*  00'  A  14"  10'  B  .  .     1    '        3     ' 

3     9     12     15     18 

X.  15  A.1I.  Tree  39*  00'  A  20*  30'      .         .         .     21  3/2 

23  24     27     29     33 

X.  30  A.M.  Tree  22*  30'  A  25*  40'  B  .  .37  3/3 

36        35        34 
36/5     35/5     34/5 

Tower  <^  A  34*  00'  Hut    .  .     34  3/8 

31        28        25        22 
31/6     28/8     25/8     22/4 

XI.  00  A.M.  Tower  «^  A  46*  10'  B  .     19  4/1 

16/1     13        10/2     7/1 
16/11  13/2     10/4     7/2 

Tower  «^  A,  and  B  «^  Hut  .     2/2         4/8 

6/4     9/3     14/5 
6/6     9/6     14/8 

XL  30  A.M.  Tree  42*  30'  A  36'  15'  Hut  .18/4       5/4 

20/4     23/3     26        27        29  18/10 

20/10  24        26/10  27/11  30 

Tree  25*  10'  A  32*  10'      ...     31  7 

29  29     27  32 

30  30     28 

Noon.  Tree  19*  00'      43*  15'  Hut      .         .     30  8 

24  22        20        18        16/4  31/4 

25  22/11  20/11  18/10  16/11 

Tree  23*  00' A  67*  40' Hut  .14 

Tree  58'  30'  Hill  ^  B       .  .8/7       9 

12/7     14/5     17/2     14/5     12/7 
13        14/11   18        14/11  13 

XII.  30  P.M.  Tree  41*  30'  Hill  ^  B       .  .21  10 

27     29        32        35        39 
29     30/8     33/10  37/1     41/4 

I.  00  P.M.  Tree  32'  00'  Hill  <^  B 
41     41     41 
44     44     44 

Tree  25*  00'  B  26*  30'  Hut 
39        38        37        35 
41/9     40/9     39/9     37/9 

I.  30  P.M.  Tower  <^  B  38*  40'  Hut    . 
31        29        24        21/3 
33/4     31/4     26/3     22/8 


• 

.     40 
44 

11 

■ 

.  -43 

12 

32 

47 

34/6 

• 

.     34 

13 

17/10 

36 

19 
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Time..  Fix.  ^^^f^  ^- 

Tree  16' 50' B  76*  30' Hut  .     12/11     14 

13/6 

XL  00  P.M.  Tower  <f>  B  58'  00'  Hut  15/8       15 

19        24     26        29        32     34     35    16/8 
20/4     26     28/4     31/8     35     37     38 

Tree  3r  30' B  29°  00' Hut  .     38  15/10 

38        37        40  41/4 

41/7     41/5     44/5 

II.  30  P.M.  Tree  21**  10'  B  33'  00'  Hut  .     42  16/8 

46 

III.  00  P.M.  Tree  35°  00'  B  28°  00'  Hut       .         .     36  17/3 

34        32        21/6     20        21/6  40/7 

37/9     35/9     23/7     21/9     23/11 

Tree  44°  15'  B  41°  00'  Hut  .     25 

27/9 

Tree  56°  40'  B  30°  10'  Hut      .         .     27/8       18/9 
24        21/3     21/3     21        33  31/3 

25/9     23/9     23/9     23/6     37/2 

IV.  00  P.M.  Tree  40°  20'  B  23°  40'  Hut       .         .44  19 

48/6 

Note. — To  divide  a  spaoe  to  fit  in  seven  soundings.  By  eye 
bisect  the  line,  make  a  dot,  bisect  each  of  the  two  spaces,  then 
bisect  the  remaining  four  spaces ;  thus 

1*5 — • 1 • 1 » 1 ' — 3*8 

The  amount  for  the  reduction  for  the  tide  is  written  boldly  right 
across  the  soundings  in  red  pencil,  but  is  here  printed  at  the 
side,  under  *  reduction.' 

And  the  sounding,  corrected  for  the  error  of  the  line,  is  written 
under  each. 

The  labour  incurred  in  making  this  last  correction  suggests 
that  much  of  it  might  have  been  avoided  by  the  use  of  a  sounding 
pole  instead  of  the  line,  when  such  an  occasion  as  this  arises  for 
all  possible  accuracy. 

On  returning  on  board,  the  lead  line  was  re-measured. 

At  7  fathoms  it  was  6  feet  too  long. 
»  ^       ,,  „      0         „ 

»i3        „  „       2  „ 

w    ^  it  if         ^  a 
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Tabitlatbd  Lead  Link  Gorrsotions:  +  to  Soundinob. 


Depth. 

Error. 

6 
6 
6 
4 
3 
2 
2 
1 
/6 

X. 

30 

/6 

/6 
/6 

/4 

/8 
/2 

/I 

•  •  • 

XI. 

-(^^ 

/lO 

/» 
/« 

n 

/2 

XI. 

so 

1/6 

/« 
/8 

/2 

XII. 

2/ 
1/10 

if 
■ 

/2 

XII. 
80 

2/6 
2/4 
1/8 

2/ 
1/8 
1/8 
/ID 

/6 
/8 

I. 

8/ 
2/6 
2/6 
2/8 

H 

If 

/« 
/8 

I. 
80 

8/6 

8/8 

2/11 

2/8 

2/4 

1/9 

1/2 

/r 

1* 

II. 

4/ 
8/8 

8/4 
2(8 

is 

II. 

80 

8/9 
3/6 

III. 

5/ 
4/7 
4/2 
8/9 
3/4 

m 
1/9 

/lO 

/«^ 

IIL 

30 

6/6 
6/ 

4/1 
8/8 
2/9 
1/10 

/6 

IV. 

«/ 
6/6 

6/ 

Bate. 

42 
89 
36 
88 
80 
24 
18 
12 
6 

1ft  p.  lug 
/lOin.  „ 

no  „  „ 

/8    „  ,. 
fi    ..  .. 

/I    ,,  .. 

665.  Example  2. — This  example  is  intended  to  show  how  the 
soundings  off  a  point  of  land  may  be  examined,  and  fixing  marks 
set  up,  without  reference  to  the  marks  on  the  published  chart ; 
or  when  the  published  chart  is  on  too  small  a  scale. 

A  small  triangulation  will  have  to  be  made ;  the  plotting  side 
for  this  will  be  two  accessible  points  on  the  coast,  visible  from 
each  other,  such  as  Cape  and  A.     (See  Plate  VI.) 

A  length  is  obtained  by  a  series  of  measurements  on  the  beach, 
between  A  and  B.  (See  MeasyremerU  of  Bcucy  p.  160,  par.  337 
and'  338.) 

The  following  angles  having  been  taken,  to  plot  A,  B,  Church, 
and  Cape.     Cape  to  A  was  the  side  plotted  from. 

At  A  At  B.  At  Gape. 

B  32'  28'  Cape.  Cape      127*  20'  A.  A  20*  22'  B. 

Cape  44   10  Church.      Church    72   55  A.       Church  53   45 

So  as  not  to  wait  for  any  calculations,  it  was  decided  to  assume 
the  length  of  Cape  to  A  as  5*5  inches  of  paper;  this  was  three 
times  the  length  in  inches  of  that  shown  on  the  chart. 

The  bearing  of  A  from  Cape  is  derived  from  the  chart,  and  is 
N.  20**  30'  E.     Variation,  also  from  the  chart,  is  V  10'  E. 

To  plot.  Draw  a  true  meridian  through  the  middle  of  the 
paper  from  one  end  of  it  to  the  other;  and,  since  Cape  is  the 
most  southern  pointy  prick  its  position  on  the  meridian  line  below 
the  centre  of  the  paper. 

From  Cape,  project  the  true  bearing  of  A,  and  measure  along 
the  line  so  projected  5*5  inches ;  this  will  give  the  position  of  A. 

With  Cape  to  A  as  a  plotting  side,  project  the  angles  to  B,  and 
to  Church,  from  each  of  them.  This  will  plot  these  two  objects 
by  two  lines. 

Finally,  from  B,  from  the  line  B-Cape,  project  the  angle  to 
Church;  it  should  intersect  at  the  same  spot  as  the  other  two 
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lines  from  A  and  from  Cape ;  if  it  does  not,  exactly,  then  either 
the  angles  taken  at  B  or  at  A  are  wrong,  or  the  plotting  is  in 
error,  or  B  is  plotted  wrong. 

With  sextant  angles  there  is  sure  to  be  a  '  cocked  hat,'  and  the 
only  way  out  of  it  is  a  compromise ;  in  this  particular  case  the 
*  receiving  angle '  at  Church  is  better  than  that  at  B,  and  an  error 
in  plotting  will  throw  out  B  more  than  Church,  as  also  would 
errors  in  taking  the  angles. 

But  in  A  A  B  C  all  three  angles  of  the  triangle  were  observed, 
and  each  angle  took  its  share  of  the  total  error ;  each  angle  in 
it  is  therefore  more  correct  probably  than  the  two  unchecked 
angles  observed  in  A  A-Cape>Church;  and  in  this  particular 
instance  the  centre  of  the  'cocked  hat'  is  probably  nearer 
correct  than  at  any  other  two  intersections. 

When  four  points — A,  B,  Cape,  and  Church — have  been  plotted, 
they  can  be  pricked  through  on  to  the  paper,  which  is  mounted 
on  a  board  ready  for  taking  away  in  a  boat ;  and  the  sounding 
can  be  proceeded  with. 

A  tide-pole  has  been  erected  somewhere  near  the  point,  or 
inside  the  harbour  round  the  comer. 

Accept  the  reductions  as  9  feet  during  the  whole  period  of 
sounding.     The  soundings  are  in  fathoms. 

Ztfi«l.  Cape«^B77"  Ai llj 

Steered  in  on  the  transit 

H     n     4     5i     4i 

B  100  yards 

Line  2.  Church  ^  B  100  yards  from  B 

Steered  out  on  the  transit 

4|     3J     6J     8i     lOi 

Church  0  B  40^*  A 1          .         .         .         .     12J 
Line  3.  Cape  20°  B  60'  A 12J 

Steered  for  B 

lOi     7     5 

B  about  200  yards. 

Bearing  by  prismatic  compass,  S.  63°  W. .       3^ 
Line  4.  B  bearing  N.  58°  W.  about  200  yards  3| 

Steered  outwards 

5^  6^  10| 

Cape  66°  B  24°  A 13J 

Z^Mw  5.  Cape  100°  A  <^  B 1 14^ 

Steered  in  on  the  transit 

12^     10^     Si     6^     4 

AOB  100  yards  from  B  .  .         .       2| 

It  was  found  that  as  the  boat  approached  the  shore  the  Cape 
mark  was  obscured,  and  the  boat  was  *  fixed '  by  a  bearing  and 

^  These  '  fixes '  should  be  plotted  with  the  protraotor. 
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approximate  distance;  but  since  there  was  no  scale  these  fixes 
could  not  be  plotted. 

To  find  the  scale,  we  require  to  know  the  length  of  Cape  to 
A  in  feet,  and  the  calculation  of  this  took  place  after  the  sounding 
was  completed. 

To  find  the  length  of  A  to  Gape. 

Observed  Angles.  Corrected  Angles. 

In  A  C  A  B,  C    20*'  22'  -  2'  2^*  20' 

A    32    28  -3  32   25 

B127   20-5  127    15 


180   10  180  00 

A  C  :  A  B  : :  sin  B  :  sin  C. 

A  C  = ^—- —  »  A  B .  sin  B .  cosec  C. 

sm  C 

The  length  of  A  B  is  found  to  be  4455  feet. 

logAB    3-648848 

log  sin  B    9-900914 

log  cosec  C  10-459059 


4-008821  =  10205-04  feet. 

Now  since  Cape  to  A  was  drawn  5-5  inches  long,  and  corre- 
sponds to  10205*04  feet,  how  many  feet  will  1  inch  of  paper 
represent  ? 

,  .    ,      1020504  log  1020504     4-008831 

"      5-5  log  5-5       -740363 


3-268468  =  1855-5  feet. 

And  since  it  is  more  convenient  to  have  the  units  of  the  scale 
in  thousands  of  feet  rather  than  in  inches,  then  how  many  inches 
=  1000  feet? 

1855-5  :  1000  : :  1  :  a; 

1000  log  1000     3-000000 

^ "  1855-5  log  1855-5     3-268468 


log  1-731532=  -539  inch  nearly. 

If  the  ^inch  scale  on  the  base  of  the  protractor  is  used,  then 
'539  is  2'156,  and  that  is  the  measurement  on  that  scale  for 
1000  feet;  ^000  feet  will  be  4-312,  and  3000  feet  6-466;  next, 
without  moving  the  protractor  from  its  initial  position,  those 
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measurements  of  the  ^-inch  scale  can  be  ticked  off  along  the  line 
drawn  for  the  scale. 

It  is  advisable  to  subdivide  one  of  the  1000  feet  into  ten 
hundreds.  Then  the  first  mark  of  100  feet,  on  the  ^-inch  scale 
of  the  protractor  is  *21 ;  the  second,  '43 ;  the  third,  *64 ;  the 
next)  '86,  and  so  on ;  and  these  can  all  be  ticked  off  on  to  the  scale 
line  without  moving  the  protractor  from  its  first  initial  position. 

566.  Example  3.  On  Sounding. — This  is  to  illustrate  the 
system  of  ^starring '  lines  through  a  shoal.     (See  Plate  VII.) 

Place  the  position  of  the  following  points,  which  were  plotted 
as  part  of  the  general  triangulation  in  a  harbour,  and  would 
in  the  ordinary  course  of  events  have  been  pricked  through  on 
to  the  *  field '  board. 

Assume  the  distance  from  A  to  Turret  to  be  2*9  inches,  and 
the  bearing  of  turret  N.  8*  53'  W. 


At  A,  Turret     71'  50'  B. 

58   20  Hut. 
F.S.  77   35  Turret. 
Battery  80   20 


At  B,  A  68**  10'  Turret. 
Turret  82    20  Hut. 
Battery  54   55  Turret. 

F.S.  47   00 


At  Turret,  B  40"  00'  A. 
Hut  71    20 

A  35  00  Battery. 
57   05  F.S. 

The  tide-pole  readings  for  the  day  were  as  follows  :■ 


ft.  in. 

H.W.      X.  00  15  0 

XL  00  14  0 

30  13  0 

XII.  00  11  6 

30  10  0 

I.  00  8  0 


I.  30 

11.00 

30 

III.  00 
30 

IV.  00 
30 


ft  in. 

6    0 


4 
3 
2 
1 
1 


6 

0 
0 
7 
5 


1    4  L.W. 


Springs  rise,  20  feet. 

From  this  it  will  be  found  that  the  datum  for  L.W.  springs  is 
1  foot  10  inches  below  the  0  of  the  tide-pole. 


No.    Time. 

H.    K. 

(1)  12  30 


[Soundings  are  in  feet  and  to  be  so  plotted.] 


F.S.  40'  30'  Turret  ^  A  34^*  30'  Hut 
31     30     28     27     26     24     22 
Turret  ^  A  54' 0' B 
F.S.  <f>  Bat.  60'  30'  Turret 

17     20     22     21     23     27     29 
(4)     1    0    F.S.  35"  40'  A  39"  15'  Hut       , 


(2)  12  40 

(3)  12  50 


32 

16 
15 

30 
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No,    Time. 

R    U 

(5)     I  15     P.&  29"  55'  A  44*  5'  Hut         .        ,         . 

27     25     Id     14     15     14     14 
<6)    1  20     F.S.  ^  Bat.  56"  5'  Turret ,         ,         .         . 

<7)    1  30     Bat.  17'  A  94"  Hut 

13  (14  Bat.  <jk  F.S.)  15  14  12  15  20  26 
(8)  1  45  F.S.  24"  15'  A  48"  45'  Hut   .    .    . 
<9)  1  55  F.S.  19*  0'  A  52*  0'  Hut . 

27  25  24  23  20  (20  Bat  ^  F.S.)  19  19 
<10)  2  10  Bat.  r  20'  A  48"  20'  Turret   . 

11  11  11  14  18  20  20 
<11)  2  20  F.S.  55"  30'  A  34"  Hut  ...    . 

21  18  16  11  11  14  18 

12)  2  30  T  36"  10'  B  15"  50'  Hut  . 

17  15  13  10  11  12  15 

13)  2  45  F.S.  44"  30'  A  41"  10'  Hut    .    .    . 

16  13  10  8  9  15  18 

14)  3  0  T  27"  30' B  17"  20' Hut  .    .    .    . 

17  16  11  12  14  16  18 

15)  3  15  F.S.  39"  50'  A  40"  10'  Hut    .    .    . 

20  19  18  16  18 

16)  3  30  A  47*  30'  B  13"  10'  Hut  . 

16  13  11  10  14  16  18 

17)  3  45  F.S.  61"  A  33"  50'  Hut  ...    . 

19  16  14  9  5  8  16 

18)  4  0  A  52"  50'  B  15"  30'  Hut  . 

13  8  8  8  11  12  13 

19)  4  15  Bat.  67"  40'  A  36"  30'  B  . 


27 


17 


30 

14 
12 

28 
29 

14 

22 
19 
18 
20 
22 
20 
20 
18 
11 


Within  1   fathom  contour,  bottom  is  all  rock;  outside,  it  is 
coarse  graveL 


CHAPTER  IX. 

BEPOBTING  THE  EXISTENCE  OF  A  SHOAL,  AND 

LOCATING  IT. 

567.  Alwa3n3  Sound  on  what  Appefurs  to  be  a  Shoal.— 

Never  trust  to  the  eye  only  for  the  existence  of  a  shoal :  the 
E.D.  (existence  doubtful)  sometimes  seen  on  charts  is  often 
enough  due  to  an  optical  illusion.  Many  things  resemble  a  shoal, 
and  in  certain  lights  strikingly  so:  fish  spawn  for  instance, 
tide  rips,  and  even  shoals  of  fish,  seen  at  certain  angles  with  the 
sun,  have  been  mistaken  for  shallow  water.  When  sighted,  a 
sounding  must  be  obtained  over  it. 

668.  Tentative  '  Fix '  of  a  Shoal,  and  Sketch.— The  vessel 
should  'fix'  her  position  there  and  then.  If  the  shore  is  near 
enough,  and  there  are  sufficient  objects  visible,  then  take  angles 
for  a  station  pointer  'fix,'  and  take  a  compass  bearing  of  the 
nearest  objects;  there  being  only  two  distant  objects  in  sight, 
take  a  true  bearing  of  one  and  the  angle  between  them  (see 
p.  108).  In  either  of  these  two  cases  make  a  rapid  sketch  (see 
sketch,  p.  50).  The  vessel  is  supposed  to  have  'stopped '  for  the 
purpose  of  '  fixing.' 

569.  T.B.  of  a  Point  on  Shore  most  Important. — 
Failing  the  sight  of  the  shore,  or  if  only  one  distant  object  is 
visible,  then  take  a  true  bearing  of  that,  and  take  sights  with  the 
sea  horizon  to  obtain  a  line  of  position  to  intersect  the  true  bearing 
line  (seeT.B,  LvneB  and  Fixing  Position,  example,  p.  108,  par.  235). 
Probably  the  sun  will  not  be  on  a  suitable  bearing  to  take  so 
that  the  position  lines  will  cut  at  a  well-conditioned  angle.  It 
may  be  suggested  that  an  angle  of  less  than  30"  is  ill  conditioned. 
For  instance,  it  may  be  near  noon,  and  '  sights '  by  the  sim  would 
give  a  position  line  nearly  east  and  west  (see  Example,  p.  331 ) ;  this 
would  be  prohibitive,  so  far  as  a  true  bearing  of  the  shore  object 
is  concerned,  if  it  also  bears  anywhere  near  east  or  west.  In  fact, 
there  may  be  a  number  of  conditions  which  make  it  practically  im- 
possible to  '  fix '  dependably  the  absolute  position  at  that  moment 
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by  these  means,  though  by  waiting  at  the  place  till  after  the 
sun's  bearing  has  changed  at  least  30*"  a  fairly  accurate  position 
can  be  obtained  (see  Example^  p.  331,  par.  572).  But  the  true- 
bearing  line  is  the  most  important,  and  that  should  be  obtained 
at  any  cost:  it  is  not  the  true  or  compass  bearing  of  the  end 
of  the  land  that  is  wanted,  but  that  of  a  definite  object,  and  it 
would  save  future  time,  labour,  and  expense,  if  one  waits  to  get 
the  bearing,  or  the  sight  that  is  wanted,  to  fix  the  position. 

570.  Position  of  Shoal  Relative  to  Vessel. — From  a 
bearing  line  the  position  of  the  shoal  can  always  be  recovered. 
By  a  sketch  it  is  easier  still  to  find  it  again ;  but  a  combination 
of  the  two  is  the  best  means  for  re-locating  it  at  a  future  time. 
When  the  vessel's  position  is  fixed,  take  a  compass  bearing  of  the 
shoal;  a  mast-head  angle  from  the  boat  that  has  obtained  a 
sounding  on  it  will  give  its  distance  off  the  ship. 

If  the  above  steps  have  been  taken,  and  the  shoal  is  not 
sounded  out  there  and  then,  it  will  be  easily  found  again,  and 
sounded  out  at  some  other  convenient  time,  either  by  the  ship, 
or  by  a  boat  if  the  land  is  sufficiently  near,  or  by  mast-head  angle 
and  bearing  from  the  ship  moored  on  the  shoal.  In  this  last  case 
the  shoal  is  sounded  out  relative  to  the  ship's  position  (see 
example,  p.  288);  which  method  is  adopted  will  depend  upon 
the  distance  from  the  shore,  and  whether  there  are  suitable 
objects  to  fix  by  either  from  the  boat  or  from  the  ship ;  or  the 
ship's  position  may  be  fixed  astronomically. 

An  example  of  *  fixing'  with  the  aid  of  astronomical  lines  of 
position  is  given  further  on,  p.  331. 

571.  Occcusions  that  Call  for  Amending  the  Soundings. 
— According  to  regulations,  a  leadsman  must  always  be  in  the 
*  chains'  when  a  vessel  is  in  the  proximity  of  land;  but  the 
soundings  he  often  supposes  he  gets  should  not  be  looked  upon 
as  infallible.  Still,  if  he  does  call  a  shallower  cast  than  the 
soundings  recorded  on  the  chart  at  that  particular  spot,  some 
notice  must  be  taken  of  it,  because  there  is  an  off-chance  of  his 
being  correct. 

In  navigating  in  or  out  of  a  harbour,  it  sometimes  occurs  that 
a  leadsman's  anxiety  or  zeal  or  other  influence,  leads  him  to 
imagine  he  has  touched  bottom  with  the  lead  at  a  greater  depth 
than  the  conditions  would  seem  to  ^varrant.  For  instance,  at  a 
speed  of  6  knots,  with  a  throw-out  of  say  13  fathoms,  the  lead  is 
'up  and  down'  when  there  are  8  fathoms  of  line  out;  the 
leadsman  having  *  gathered  in'  5  fathoms.  At  a  speed  of  10 
knots  the  ship  is  moving  at  the  rate  of  1000  feet  a  minute,  and 
will  take  5  seconds  to  reach  the  spot  where  the  lead  touched  the 
water,  the  leadsman  having  gathered  in  the  slack  in  that  time. 
During  that  5  seconds  the  lead,  dragging  down  so  much  line, 
will  have  sunk  6  fathoms ;  3  seconds  tix&r  that  the  line  is  50  feet 
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abaft  the  leadsman ;  by  that  time  the  lead  has  dragged  the  line 
through  his  hands  about  2  more  fathoms;  the  lead  therefore 
reaches  *  bottom '  at  8  fathoms  about  50  feet  abaft  the  leadsman, 
and  remains  there  a  small  fraction  of  a  second.  He  is  called 
upon,  there  and  then,  to  make  a  rapid  calculation  of  what  the 
depth  would  have  been  with  the  lead  'up  and  down';  and,  as 
often  as  not,  the  calculation  begins  from  the  nearest  mark  to  his 
hand.  Under  such  conditions  it  is  not  improbable  that  he  will 
make  a  mistake  in  arithmetic  or  in  trigonometry ! 

Sometimes  the  soundings  called  cannot  be  accounted  for.  For 
instance,  on  one  occasion  tioo  leadsmen,  one  in  each  of  the  chains, 
called  a  sounding  of  7^  fathoms  where  it  was  ascertained,  after 
some  anxious  moments,  that  there  was  no  bottom  at  100  fathoms. 
When  a  sounding  has  been  called  considerably  less  than  that 
charted,  as  it  was  in  this  case,  someone  must  check  it,  and  even 
sound  out  the  whole  area,  so  as  to  leave  no  doubt  as  to  the  actual 
state  of  things. 

This  shows  the  necessity  of  the  ability  required  to  take  angles 
and  '  fix '  rapidly  by  station  pointer  while  the  vessel  is  navigating 
a  channel,  so  as  to  locate  the  area  with  sufficient  accuracy  to  allow 
of  its  being  sounded  out  later  on  (see  p.  339). 

Example  1. — Example  of  a  combination  of  astronomical  lines 
of  position  (by  day)  with  a  true  bearing  of  an  object  (fixed)  on 
shore. 

572.  The  problem,  from  a  surveying  point  of  view,  is  to  *  fix ' 
the  position  of  a  buoy  or  shoal,  the  shore  being  so  distant  that 
only  one  known  object  is  visible. 

First  case  is  when  the  ship  anchors  for  the  purpose. 

At  about  8^  30"  a.m.  on  the  9th  of  June  1908. 

Approximate  position,  lat.  51'  30'  N.,  long.  4"  10'  E. 

Watch  showed  Q^  02"  59-5.     Obs.  alt.,  ©  41'  00'  10". 

I.E.,  +  2'  28' ;  height,  30  feet. 

Simultaneously,  0|  76'  47'  Lt.  Ho. 

1.  Given  the  H.A.,  which  will  be  deduced  from  the  watch  time, 
and  the  assumed  latitude  and  longitude,  the  sun's  altitude  will 
be  calculated  and  also  the  true  bearing. 


[Example.  , 
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Watch  time    6  02  59-5 
comparison    2  05  16 '2  fast 


chron.  time    3  57  43*3 
error  chron.    4  17  05-8  slow 


m.      8. 


G.M.T.  20  14  491  (8th)      Eq.  time  1  149  (8th)      -47 
long.        16  40     E  -9-5  20*24 


mean  time  20  31  29-1  (8th)  1  05*4  95128 

eq.  time  1  05*4 

app.  time  20  32  34  5 
24  00  00 


H.A.    3  27  25-5 


Dec.  (8th)  22"  50'  25' 

+  4  36 

N. 

ch.  13-66  + 
20-24 

22  55  00 
90  00  00 

601276-4784 
4' 36' 

P.D.  67  05  00 

log  hav.  H.A.  S^  27'°  25»-5     9281446 

log  cos  lat.  51'  30'  9794150 

log  cos  dec.  22   55  9-964294 


diff.  28   35  9039890  hav  38**  40'  11 


log  vers.  38''  40'  11"     0-219239 
log  vers.  28   35  00      0121878 


vers.  0-341 1 17     48''  47'  07"  zenith  distance 

90  00  00 


41    12  53  calculated  altitude. 


To  find  T.B. 
log  sec  lat  5V  30'  10205850 

log  sec  alt.  41    12  53"     101 23640 


10   17  07 
P.  dist.  67   05  00 


log  i  hav.  77   22  07      4-794318 
log  i  hav.  56   47  53      4*677250 


9-801058  hav.  =  N.  105*'  22'  K  Sun's  T.B. 
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2.  Find  the  true  altitude. 


Oba.  alt.      41'  00'  10" 
LE.  +  2  28 


dip 

41 
40 

02  38 

5  24 

ref .  par. 

57  14 
1  00 

S.D. 

40 

+ 

56  14 
15  46 

true  alt. 
cal.  alt. 

41 
41 

12  00 
12  53 

diff.      00  00  53  =  -883  mile. 

By  *  sights'  the  observer  is  therefore  *883  mile  further  from 
the  sun  than  was  calculated,  because  the  true  altitude  is  less  than 
the  calculated. 

3.  To  find   the  horizontal   angle   between   the  sun  and   the 
Lt.   Ho.,  and   from  this   to  deduce   the       z 
true   bearing  of    the   Lt.    Ho.    (see  fig. 
207a). 

SL«ob8.  dist.  =  76'  47'  00"  to  near  limb. 
LE.  2  28 

S.D.  15  46 


corrected  dist.     77   05  00 
S  Z  L  is  the  hor.  angle. 

CobSZL-??^ ^ 

sm  ZS     cos  app.  alt. 

log  COS  LS  =  9*349343 
log  cosapp.  alt. »  9*876347 

COS  9-472996  «  72'  43',  the  hor.  angle  between  Q  and  L 

The  T.B.  of  0  is  N.  105'  22'  E. 
hor.  angle  to  L.H.         72   43  to  the  right  of  sun. 

T.B.  of  Lt.  Ho.  N.  178  05  E.,  or  S.  1'  55'  E.  ; 
and,  conversely,  T.B.  of  observer  from  L.H.  is  N.  1'  55'  W. 
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To  plot  these  particulars. 

Let  L  M  (fig.  208)  be  the  T.B.  lioe  of  the  observer,  projected 
from  the  Lt.  Ho. 


-*"«., 


Scale  4i»in.-rMlle 


Sun(2?^  sights) 
Fio.  208. 


Since  be  is  on  that  line.  Let  0°,  anywhere  along  the  line,  be  his 
assumed  position,  viz.  lat.  51°  30'  N.,  long.  4°  Iff  E. 

Now  at  OS  at  the  time  of '  aights,'  the  sun's  T.B.  is  N.  105*  22'  E, 
or  72°  43'  to  the  left  of  the  L.H.  line;  then  at  0«  project  0«S 
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72°  43'  to  the  left  of  L.M.  A  line  AB  at  right  angles  to  this 
will  be  a  part  of  a  circle  of  'equal  altitudes,'  along  which,  at 
any  part  of  the  line  for  a  limited  distance,  the  sun's  altitude  will 
be  as  calculated  (41°  12'  53^,  and  the  bearing  N.  IDS'*  22'  E. 

But  the  corrected  observed  altitude  (41"  12'  00"^)  indicates  that 
the  observer  is  further  from  the  sun  along  the  line  S  0^  than  he 
assumed  he  was;  and  the  effect  of  this  will  be  to  move  AB 
further  back,  parallel  to  itself,  -883  mile  (41°  12'  53"  -  41'  12'  00"), 
i,e.y  '883  inch  (since  in  this  case  we  are  plotting  it  on  1  inch  = 
1  mile);  this  length  is  measured  from  0^  along  the  line  SO^ 
produced,  and  A^&  is  drawn  parallel  to  AB. 

The  intersection  of  LM  with  A^B^  at  0  gives  a  position  of 
the  observer. 

Now  the  line  0^0^  is  in  error  ±  owing  to  *  errors  of  observa- 
tion '  (see  p.  42),  and  the  '  cut '  at  the  position  0  is  only  17°.  It 
is  an  *  ill-conditioned '  'cut';  for  a  small  error  in  the  distance 
0^0^  will  make  an  increased  error  along  the  line  0  0^;  and, 
conversely,  had  A^B^  cut  L  M  at  right  angles,  an  error  in  0^0* 
would  only  show  an  amount  equal  to  the  error  along  0^0^ ;  hence 
the  position  of  0  is  not  satisfactorily  'fixed.' 

What  is  now  required  is  a  line  of  position  cutting  L  M  at  right 
angles  or  nearly  so ;  and  such  a  line  will  be  obtained  when  the 
sun  bears  about  south,  or,  in  fact,  when  it  is  on  the  meridian. 
The  next  'sight'  should  be  taken  at  or  about  noon,  and  be 
calculated  exactly  in  the  same  way  as  the  above. 

Without  showing  the  calculation,  suppose  C  D  is  the  '  equal 
alt.'  line  obtained  with  the  same  latitude  and.  longitude  as  before, 
and  C^D^  the  line  of  position  obtained  from  the  difference 
between  the  true  and  calculated  altitudes;  0^0'  being  the 
'  intercept.'  Then  L  M  is  intersected  by  A^B^  at  0,  and  at  0^  by 
C^Di.  The  intersection  of  A^B^  with  C^Di  is  at  X,  the  two 
astronomical  'lines  of  position,'  being  here  disregarded,  as  the 
line  L  M  is  more  accurate  than  A^B^.  But  the  question  is,  which 
position  is  nearer  right  in  latitude,  0^  or  0  ?  An  error  of  observa- 
tion is  common  to  both :  but  if  it  is  a  consistent  one  and  about 
the  same  in  '  time,'  then  the  correct  position  must  be,  if  it  is  -  in 
both  cases,  from  0^  towards  0^ ;  if  it  is  a  -H  error  in  both,  the 
corrected  position  would  be  to  the  north  of  0 ;  but  the  size  of  the 
errors  would  not  be  consistent  with  the  movement  in  altitude 
when  the  sun  is  on  these  bearings.  Therefore,  in  this  case,  both 
errors  of  observation  were  doubtless  -  ;  but  there  is  no  possible 
means  of  telling  what  the  amount  of  the  error  is,  except  by 
another  'sight'  taken  with  a  celestial  body  which  bears  about 
N.,  bearing  in  mind  that  the  position  is  more  doubtful  in  latitude 
than  in  longitude.  If  this  is  obtained,  some  position,  such  as  Y, 
would  probably  be  found ;  and  midway  between  0^  and  Y  would 
be  the  correct  position.     Notice  that  the  first  line  of  position 
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found  was  of  little  use  in  determining  the  position  in  latitude, 
and  that  L  M  gave  the  longitude  very  nearly.  A  line  at  right 
angles  to  LM  was  the  one  required,  and  this  could  only  be 
obtained  after  an  interval  of  about  3^  hours. 

573.  Effect  of  Position  Lines  in  Latitude  and  Longi- 
tude.— This  happens  with  all  bearing  lines :  each  one  will  give  a 
better  position  in  latitude  or  in  longitude,  unless  the  body  bears 
exactly  towards  one  of  the  quadrantal  points  of  the  compass ;  and 
the  intersection  of  any  two  lines  will  give  a  better  latitude  or 
longitude  according  to  the  mean  angle  of  intersection. 

574.  Best  Direction  for  Line  of  Position. — If  the  mean 
bearing  is  E.  or  W.  there  will  be  no  error  in  the  latitude,  but 
all  the  error  will  be  in  longitude  ;  if  the  mean  bearing  is  N.  or  S. 
the  longitude  will  be  correct,  and  all  the  error  will  be  in  latitude ; 
and  therefore,  if  the  sights  can  be  taken  with  a  mean  bearing 
both  E.  and  W.  and  N.  and  S.,  it  is  the  most  accurate  possible 
way  of  ^  fixing  astronomically.'  As  a  surveying  problem,  this  must 
be  carried  out. 

575.  Fixing  Astronomically  without  Stopping  for 
Second  Line  of  Position. — The  second  case  is,  if  the  vessel 
doeB  not  ancJior^  or  stays  for  too  short  a  time  for  obtaining  all  the 
requisite  sights.  For  instance,  supposing  in  the  case  above,  if, 
after  taking  the  first  'sights/  the  vessel  proce^  N.  20**  E.  for 
30  miles,  or  roughly  for  three  hours,  and  at  about  noon  the 
second  set  of  '  sights '  is  taken.  She  may  then  proceed  to  a  third 
position,  and  take  '  sights '  for,  say,  the  Pole  Star. 

Exactly  the  same  calculations  follow  as  were  done  before,  but 
allowing  for  the  difference  of  latitude  and  longitude,  which  de- 
pends  upon  the  course  and  distance  run  by  '  dead  reckoning.' 

If  neither  the  true  course  nor  distance  are  correct,  as  in  all 
probability  they  are  not,  then  the  second  latitude  and  longitude 
is  not,  nor  would  the  third  be  relatively  correct  to  the  first ;  and 
the  second  position  line  obtained  will  not  be  correct  relatively  to 
the  first ;  therefore  the  value  of  the  '  fix '  of  the  first  position 
obtained  through  the  second  set  of  sights  cannot  be  so  good  as 
that  obtained  if  the  ship  remained  at  (1). 

In  this  case,  N.  20"  E.  30  miles  =  28'-2  of  diff.  lat.,  and  10'-2 
dep.  by  natural  log  tables. 

diff.  long. «  dep.  sec  lat.  (51*  44') 
=  10-2. 1-6 
=  16-32  miles  E.  =  1"  08-=  1»  04«-8 

lat.  at  (1)  51'  30'  N.,  long,  at  (1)  G^  16«  40« 

diff.  lat.  28'  12'  diff.  long  1    04*8  E. 


lat.  at  (2)  51    58   12  long,  at  (2)  0  17     45   E. 
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With  this  new  derived  latitude  and  longitude  calculate,  as 
before,  the  sun's  altitude  and  bearing,  and  find  the  difference 
between  the  true  and  calculated  altitude.  The  line  of  bearing 
obtained  can  be  laid  through  the  position  (1),  just  the  same  as  if 
it  had  been  found  there ;  and  always  provided  the  course  and 
distance  is  correct  the  intersection  of  the  lines  give  as  accurate  a 
'  fix '  as  if  the  vessel  had  remained  at  (1). 


22 


CHAPTER  X. 
AMENDING  THE  DETAILS  ON  A  CHART. 

576.  Amending,  implies  making  small  corrections,  or  additions 
to;  not  testing  the  triangulation,  because  this  could  not  be 
effected  without  reference  to  the  original  plotting-sheet. 

It  has  already  been  explained  that,  owing  to  the  process  of 
engraving,  the  positions  of  '  objects '  on  a  published  chart  are  not 
infallibly  correct.  But  changes  in  the  depth  of  water  do  occur 
from  time  to  time,  especially  over  bars  at  the  entrance  of  harbours 
or  of  rivers,  and  over  sand  and  mud  flats  elsewhere ;  also  dredging 
takes  place  sometimes ;  and,  in  consequence  of  these  changes,  the 
'  buoyage '  may  have  to  be  altered ;  perhaps,  also,  the  nature  of 
the  buoys  undergoes  a  change,  though  this  should  not  be  a  radical 
one ;  or  there  may  be  additional  marks,  buoys,  or  beacons  neces- 
sary ;  pile  lights  may  be  introduced,  and  many  other  changes  of 
condition  may  arise  from  time  to  time.  Prominent  objects  may 
be  built,  and  the  conspicuous  objects  of  earlier  times  may  have 
ceased  to  be  prominent.  For  example,  in  a  prominent  harbour 
not  far  from  London,  the  whole  buoyage  has  been  shifted ;  pile 
lights,  both  afloat  and  on  the  shore,  have  also  been  bodily  shifted ; 
objects  that  were  conspicuous  fifty  years  ago  have  ceased  to  exist ; 
the  conspicuousness  of  an  isolated  red  house  has  been  wiped  out 
by  several  streets  of  them;  the  leading  marks  of  a  'church  in 
line,  etc.,'  has  been  obscured  by  a  forest  of  trees;  and,  con- 
versely, a  clearing  has  revealed  a  conspicuous  factory  chimney ; 
a  conspicuous  bam  has  vanished;  in  short,  but  for  a  few 
remaining  details,  the  place  is  hardly  recognisable  by  what 
remained  on  the  original  chart. 

It  may  or  may  not  have  been  the  duty  of  the  port-majBter  or 
port  authorities  to  supply  reliable  information  as  to  these  changes, 
but  certainly  they  ought  to  have  been  put  on  record  by  some 
authority. 

The  method  of  verifying  the  soundings,  and  of  sounding  out 
an  area  or  a  channel  has  been  explained  and  exemplified  in 
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Chapter  IX. ;  how,  also,  the  rise  of  springs  and  of  neaps,  and 
the  direction,  duration,  and  strength  of  the  tidal  streams  can  be 
verified  is  described  in  Chapter  VI.  on  TideSy  pp.  265-283. 

If,  on  sounding  out  the  channel  or  channels,  it  is  found 
necessary  afterwaids  to  shift  the  buoys,  their  new  positions  should 
be  '  fixed '  by  station  pointer  angles  (see  Station  Pointer  Fixing, 
Chapter  XL,  p.  64),  and  the  same  remark  applies  in  the  case  of 
having  to  shift  the  position  of  'leading  marks,'  or  pile  lights, 
whether  on  the  edge  of  the  channel  or  on  shore.  If  a  conspicuous 
mill  has  ceased  to  exist,  notice  of  such  a  fact  should  be  given ; 
if  a  conspicuous  factory  has  come  into  existence,  its  position 
should  be  placed  on  the  chart,  by  'shooting  it  up'  from  three 
or  more  positions  (see  p.  343);  and  all  the  latest  information 
relating  to  the  harbour  should  be  submitted  to  the  Hydrographic 
Department  of  the  Admiralty,  for  the  general  use  of  all  sea- 
faring folk  who  may  have  occasion  to  enter  the  port,  to  give  them 
more  confidence  in  Admiralty  charts,  and  it  is  in  this  manner  that 
charts  are  corrected  up  to  date. 

If  it  is  desired  to  make  a  fresh  and  independent  survey  of  the 
harbour  on  a  larger  scale  than  that  published,  see,  and  read, 
Sv/rvey  of  a  Harbour^  p.  218,  or  BiveTf  p.  250. 

677.  Be-triangulating  a  Portion  of  a  Chart  in  order  to 
Plot  Amendments.  —  Sometimes,  if  only  a  portion  of  the 
harbour  requires  verifying,  for  instance  that  portion  leading  to 
the  anchorage,  it  is  almost  better  to  make  a  fresh  triangulation 
of  the  whole ;  this  may  be  done  on  a 
larger  scale,  and  on  that  foundation 
put  in  what  work  is  required.  Later, 
when  time  and  opportunity  arises, 
other  parts  of  the  harbour  can  be 
verified  in  detail,  and  added.  These 
details  will  be  re-plotted  on  to  the 
original  chart. 

The  newly  triangulated  marks  will 
be  dependent  on  those  already  fixed 
on  either  the  Ordnance  Survey,  or  in 
the  previous  Hydrographic  triangu- 
lation, and  one  at  least  of  these  points 
must  be  included  in  the  new  work, 
as  a  means  of  connecting  it  up 
with  the  original  (see  Triangulation^ 
p.  211). 

For  example  :   take  such  a  plan  as 
shown  in  fig.  209.     The  part   that  is  dotted  is  a  shoal  on  one 
side  of  the  channel ;  it  is  intended  to  verify  its  extent,  but  work- 
ing on  a  larger  scale. 

»{4  is  a  church  tower:  this  appears  in  the  Ordnance  Survey, 
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and  also  in  the  H.O.  triangulation :  a,  5,  c,  d,  etc,  are  points 
selected  in  the  new  triangulation ;  tj^  must  be  connected  up  with 
one  of  them  by  a  True  Bearing  and  distance ;  for  preference  take 
c,  because  it  is  the  most  distant  from  it. 

By  this  means  the  plan  retains  its  location,  or  a  relative 
position  to  some  point  already  known,  which  otherwise  it  will 
not  have. 

Or,  suppose  e  also  is  a  point  on  the  Ordnance  or  H.O.  triangu- 
lation, then  it  will  be  an  additional  connecting  link ;  and,  from  c 
and  ^  the  position  of  every  detail  will  be  in  relation  to  these 
two.  Again,  if  these  two  places  exist  on  an  Ordnance  chart  of  a 
much  larger  scale  than  is  now  intended  to ^ work  upon;  c  being 
(without  any  doubt  about  it)  the  same  spot  on  both  plans,  then, 
the  bearing  and  distance  of  ^  from  c  can  be  adopted  from  the 
Ordnance  survey  (see  Scales,  p.  176),  and  the  remainder  of  the 
new  triangulation  built  up  on  that  side. 

It  would  be  better,  of  course,  if  ^  is  accessible  for  taking 
angles  from;  but  if  it  is  not,  then,  take  angles  at  c,  between 
>¥4  and  a ;  and  at  a,  between  ^  and  c ;  and  with  the  length  of 
4^  to  c,  calculate  the  length  from  c  to  a ;  and  use  a  to  c  for  a 
plotting  side  (see  Plotting  and  Tria/ngulatumy  p.  198). 

Then  follow,  stage  by  stage,  coast-lining,  (no  true  bearing  is  here 
required),  sounding,  fixing,  and  tides,  as  explained  in  the  various 
chapters  on  the  subject,  so  that  the  whole  port  can  be  done  on  any 
scale  required,  just  when  time  and  opportunity  admits  of  it. 

It  is  as  well  to  remember  that  to  sound  out  a  shoal,  or  to 
thoroughly  do  a  channel,  there  must  be  room  on  the  paper  to 
plot  distinctly  the  greater  part  of  the  soundings  obtained ; 
otherwise  there  will  be  a  hopeless  tangle  of  figures,  and  it  is  not 
easy  to  describe  the  various  contours  of  the  bottom,  nor  to  follow 
and  fully  realise  the  shape  of  the  shallowest  part.  The  scale 
commensurate  with  this  cannot  be  less  than  6  inches  to  a  mile. 

If  a  still  smaller  portion  of  the  harbour  is  required  to  be 
re-sounded  out,  such  as  a  small  shoal,  or  a  small  part  of  the 
channel  on  a  larger  scale  than  the  present  one,  exactly  the  same 
process  as  above  will  have  to  be  carried  out ;  of  course,  no  details 
of  the  coast  will  be  required,  but  a  sufficient  number  of  marks, 
*  points,'  or  objects  must  be  plotted,  for  the  purpose  of  fixing  the 
boat's  position,  though  the  number  of  marks  will  probably  not 
exceed  four  or  five.  For  example,  referring  to  fig.  209,  a,  6,  c, 
and  d  are  almost  sufficient  in  themselves  for  the  area  shown  in 
dotted  line ;  but  perhaps  y,  another  mark  on  the  water-line,  might 
be  required  as  a  substitute  for  ^  for  fixing  purposes. 

578.  Enlarging  a  Published  Chart  for  Purpoeee  of 
Amendment. — Should,  however,  there  be  no  accurate  chart  on 
a  larger  scale  than  that  intended  to  be  presently  used  for 
sounding  the  shoal,  or  for  the  channel  or  harbour,  then  the  scale 
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of  the  published  chart  will  have  to  be  enlarged ;  not  in  all  its 
details,  but  only  so  far  as  it  applies  to  the  plotting  side. 

Suppose,  for  example,  tj^toc  (fig»  209)  is  adopted  as  the  plotting 
side ;  that  the  published  chart  is  on  a  4-inch  scale ;  and  that  you 
want  to  sound  the  channel  or  a  shoal  on  a  10-inch  scale,  i,e,  two 
and  a  half  times  the  scale  of  the  published  chart. 

Measure  from  the  published  chart  the  distance  in  inches  from 
^  to  c ;  suppose  it  to  be  10*2  inches. 

For  the  convenience  of  this  example  accept  the  true  bearing 
from  »|4  to  e  to  be  the  same  as  that  taken  from  the  chart. 

Draw  on  the  paper  the  line  representing  the  relative  bearing 
from  ^  to  c,  assuming  the  sides  of  the  paper  to  be  roughly 
north  and  south ;  prick  a  hole  on  this  line  to  represent  either,  in 
about  thje  position  it  occupies  relatively  to  the  remainder  of  the 
work,  and  measure,  along  the  line,  10*2  .  2^  inches  «=  25*6  inches. 

Then  at  e,  observe  the  angle  between  pU  and  a;  and  at  a, 
observe  the  angle  between  tfi  and  c;  180  -the  sum  of  these 
angles  will  give  the  '  calctdcUed  angle  *  at  ^  between  a  and  c  (that 
is,  supposing  ^  is  inaccessible). 

CaU  »{4  H.  In  A  aHc,  at  H  project  angle  H  from  the  line  He  ; 
and  at  c,  c  from  the  line  He :  the  intersection  of  these  lines  will 
give  the  presiuned  position  of  a. 

Follow  out  the  same  thing  in  A  6Hc,  and  presume  a  position 
of  b;  also  find  dy  in  the  same  way. 

Then  in  A  acbj  at  a,  project  the  angle  cab  from  the  line  ac ;  it 
should  cut  through  the  position  of  6  as  previously  plotted.  Do 
the  same  for  d,  and  also  do  it  again  from  6  to  c,  that  is,  lay  off 
angle  6  of  A  did  from  the  line  bc»  The  line  so  projected  should 
go  through  d;  if  it  does,  then  all  the  points  are  correctly  plotted. 
There  are,  however,  sure  to  be  some  'cocked  hats';  for  the 
discussion  of  this  see  p.  62,  par.  160. 

When  all  the  '  points '  are  satisfactorily  plotted,  then  sounding 
can  be  carried  out. 

In  the  foregoing  example  it  has  been  assumed  that  one  end  of 
the  adopted  plotting  side  is  accessible.  This  may  not  always  be  the 
case.  In  the  example  which  follows  on  p.  346,  it  is  presumed  that 
neither  end  of  the  adopted  plotting  side  is  accessible ;  but^  since 
the  two  objects  at  the  end  of  it  are  assumed  or  known  for  certain 
to  be  the  same  objects  as  in  the  original  survey,  and  are  the  most 
distant  apart,  they  were  therefore  adopted. 

579.  Plotting  Amendments  IMreotly  firom  Points  in 
the  Published  Chart. — The  first  example  of  'amending'  a 
chart  will  be  the  simplest ;  it  does  not  need  the  enlargement  of  the 
published  charts  and  the  details  of  the  coast  were  easily  *shot 
up '  from  a  boat  or  from  a  vessel  while  entering  and  leaving  the 
harbour. 

Practically  it  amoimts  to  this.     If  one  or  more  objects  are 
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*  shot  up '  from  two  ends  of  a  line,  the  plotting  side  of  the  tri- 
angle will  depend  for  its  length  and  its  bearing  upon  two  positions 
deduced  from  sextant  angles,  and  plotted  with  a  station  pointer, 
between  objects  fixed  on  the  chart,  and  assumed  to  be  correct. 

A  number  of  errors  necessarily  creep  in  (see  Errors  of  Observa- 
tion  and  of  Pontions  on  the  Chart,  p.  62) ;  thus  neither  the 
length  nor  the  bearing  of  the  plotting  side  is  really  correct ;  but 
still,  the  lines  projected  from  both  ends  of  this  side  will  meet 
somewhere,  and,  if  the  lines  of  reference  to  the  object  *  shot  up ' 
are  correct,  both  in  angles  and  in  drawing,  the  position  of  the 
object  so  '  shot  up '  will  be  relatively  correct  to  the  length  and 
bearing  of  the  plotting  side,  whatever  the  scale  of  that  side  may 
be,  and  whatever  be  the  direction  of  the  true  meridian. 

Thus  in  fig.  210,  if  the 
angles  ABC^  and  BAG^ 
are  correctly  taken  and 
plotted,  then  C^  is  quite 
correct  relatively  to  A  and 
B.  If  BA  is  Bo,  and  the 
angles  at  B  and  at  a  are 
taken  to  be  the  same  as 
before,  then  c  is  quite  cor- 
rect in  bearing  and  distance 
relatively  to  Ba;  but  the 
scale  of  the  two  triangles 
is  different,  and  the  true 
meridian  is  not  in  the  same 
place  for  both. 

So  that  if  A  and  B  repre- 
sent two  positions  fixed  by 
sextant  angles  from  three 
objects  on  shore,  and  they  are  both  in  error,  then  the  scale  for 
the  distance  between  them  is  not  the  same  exactly  as  the  scale 
of  the  chart,  from  which,  of  course,  all  the  other  distances  are 
measured ;  but  C^  is  correct  relatively  to  the  new  scale  derived 
from  A  and  B. 

Now  suppose  another  position  X  is  *  fixed '  by  three  objects  on 
the  published  chart  (see  fig.  210) ;  then  it  too  is  in  error,  and 
there  is  not  necessarily  the  same  error  in  the  distance  AX  as 
there  was  in  BA,  though  the  amount  of  the  difference  will  be 
minimised  when  one  has  acquired  a  thorough  knowledge  of 
'fixing'  by  means  of  the  station  pointer;  and,  consequently, 
the  scale  from  which  A  X  can  be  measured  is  not  the  same  as 
either  that  of  the  chart  or  that  from  which  B  A  can  be  measured. 
The  new  G^,  plotted  from  A  and  X,  is  correct  relatively  to 
A  and  X ;  but  the  scale  of  distance  and  the  position  of  the  true 
meridian  belonging  to  AX  and  G^  is  not  the  same  as  that  of 
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A,  B,  and  C^ ;  the  natural  result  is  that  C  may  be  in  three  places, 
i.e.  at  C^  relatively  to  A  and  B,  at  C^  relatively  to  A  and  X,  and 
at  C^  relatively  to  B  and  X.  In  these  cases  of  'fixing/  and 
especially  when  the  boat  or  vessel  does  not  anchor  for  the 
purpose,  the  'cocked  hat'  will  necessarily  be  large — much  larger 
than  in  the  previous  example — and  when,  as  in  the  following 
example,  the  objects  'shot  up'  are  the  approximated  centre  of 
buildings,  that  is,  no  definite  mark,  the  same  spot  will  probably 
not  be  observed  from  the  three  fixes ;  but  the  illustration  is  not 
intended  to  show  more  than,  that  the  position  of  the  buildings 
would  be  approximately  located  only.  By  'without  attracting 
undue  notice '  is  meant,  in  the  case  of  a  foreign  harbour,  that  a 
deliberate  survey  would  be  resented  by  the  authorities. 

If,  however,  their  susceptibilities  can  be  overcome,  and  permis- 
sion be  obtained,  so  that  the  work  can  be  deliberately  carried  out, 
the  system  is  the  same ;  but  the  boat  might  anchor  at  each  '  fix,' 
as  when  doing  coast-line  (see  previous  example,  p.  233) ;  and  where 
there  are  buildings,  a  particular  spot  on  each,  such  as  a  chimney, 
might  be  localised ;  or  an  angle  may  be  taken  to  both  sides  of 
them,  that  is  — ^  or  -«— . 

Whenever  possible,  *  fix '  by  the  same  three  objects ;  under  the 
best  conditions,  the  error  of  position  should  not  exceed  ^  inch. 

For  points  of  reference  to  the  objects  '  shot  up,'  take  an  equi- 
distant point,  and  that  which  makes  the  smallest  angle  with  the 
objects  (see  Appendix  II.,  p.  438). 

Adding  to  a  Published  Chart.    (Plate  VIII.) 

(Plotted  in  1  hour.) 

Example  1. — Entering  a  port,  on  chart  No.  212.  It  is  intended, 
without  attracting  undue  notice,  to  'shoot  up'  a  number  of 
important  and  conspicuous  objects,  and  place  them  on  the 
published  chart.     The  chart  is  published  on  a  6-inch  scale. 

The  following  marks,  selected  as  the  most  suitable  for  '  fixing,' 
are  pricked  through  from  the  chart  on  to  a  piece  of  clean  paper : — 

Mole  Head 

Chim, 
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The  bearings  given  are  true ;  the  distances  are  in  inches. 
At  positions  (1)  and  (2)  the  ship  stopped,  and  the  angles  were 
taken  simultaneously  by  three  observers. 


At  position  (1) — 

Mole 

29'  40' 
39   00 
42   40 
46   35 
55   20 
63   22 
79    15 

S.S. 

Naval  Store 
Military  Store 
Bush  Hill 
Barracks 
Magazine 
•  Hospital 

54*  05' 

Hotel. 

In  going  from  position  (1)  to  position  (2) — 

When  Bush  Hill 

* 

S.S. 

S.S. 

2V 
30 

15' 
45 

Magazine. 
Hospital. 

At  position  (2),  just  outside  and  close  alongside  a  red  conical 
buoy  with  globe — 


Mole 

99'  43' 

Magazine 

2   05 

Military  Store . 

16   30 

Bush 

23   40 

Naval  Store     . 

26   25 

S.S. 


<^  Hotel 
r  00' 


Hospital. 


At  position  (3),  ship  is  at  anchor — 


Mole 


73'  15' 


Chimney 

89'  44' 

Military  Store 

24   60 

Naval  Store 

34   50 

Bush 

40   40 

Barracks 

53    10 

S.S. 


Soundings  taken  on  the  way  in — 

IV.  30  A.M.  At  fix  (1)     . 

4i      X 

Bush  Hill  <l>  S.S. 
3^     3 

At  fix  (2)      . 
3     3^      X      ^ 

V.  00  A.M.  At  anchorage 


H 


H 
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Weighed  the  next  day,  and  sounded  on  the  way  out — 

Mole  70*  20'  Chimney  76*  25'  S.S.        4^ 
IX.  00  a.m.       3f     X     4J     4f 


Mole  86"  45'  S.S. 
93   36  Hotel 
3i     3     3J     X      3J 
Mole  97**  23'  Hotel 
9   37  S.S. 
4i     4J     5      X      b\ 
Bush  75'  20'  Hotel 

41    30  Hospital   . 
S.S.  113  55  Hotel 
etc. 


4 


H 


On  the  next  occasion  of  visiting  the  port,  more  soundings  are 
taken  going  in  and  out. 

Measured  lead  line,  1  ft.  6  in.  short  at  3  fathoms. 

2  0  „        4       „ 

3  0  „        5      „ 

All  the  soundings  are  reduced. 

The  following  sketches  were  made  to  '  fix '  the  summits : — 

At  Fix  (0 


920 


600 


2300 


At  Fix  (2) 


3210 


170 


BushHill      IMO 


.5030 


4905 


At  Anchor 


35  20 


26-50 


Fio.  212. 


346  HTDBOGRAPHIC  SURVEYINa. 

680.  Sounding  a  Shoal  on  a  Scale  Enlarged  from  the 
Published  Chart,  when  Neither  End  of  the  Plotting  Side 
is  Accessible. — Example  2  (Plate  IX.). — It  is  required  to  sound 
out  a  shoal  lying  about  a  mile  to  the  north-east  of  Ex.  Pier. 

The  scale  of  the  published  chart  is  1  inch  =  1  mile,  and  it  is 
proposed  to  work  on  a  5-inch  scale. 

From  Abbey  to  Church,  measured  on  the  chart,  =  3*38  inches 
(see  Plate  IX.). 

Enough  true  bearing,  ^*  78*  y' 

(a)  For  purposes  of  *  fixing,'  it  is  necessary  to  plot  the  positions 
of  Staff  and  Club  for  middle  objects. 


o  StaPP 

Abb.y  ©Club  ^'^"'^ 

© 


^Chureh 


Fio.  218. 


(b)  Angles  are  taken  only  at  Staff  and  Club,  Abbey  and  Church 
being  inaccessible. 

(c)  It  is  therefore  necessary  to  find  the  ccUctUated  angles  at 
Abbey  and  Church  to  Staff,  Club,  and  Fort,  and  to  plot  these 
three  ojects. 

In  A  S.C.Ch.,  assuming  S.C.  =  1,  find  S.Ch.  I  This  gives  the  rela- 
In  A  S.C. A.,         „  „  „     S.A.    >      tive  values  only 

In  A  S.C.F.,        „  „  „      S.F.   j      of  three  sides. 

In  A  S.F.A.,  given  S.F.  and  S.A.,  find  L  A.  and  project  it  from 

the  line  A.Ch.,  giving  a  line  of  reference  through  Fort. 

In  A  S.A.Ch.,  given  S.Ch.  and  S.A.  and   L  A.S.Ch.,  find   £•  A, 

and  Ch. 

1.  And  plot  S.  from  A.  and  Ch. 

2.  Plot  C.  by  direct  angle  from  S.,  and  calculated  angles  Ch.  and  A. 
In  A  F.S.Ch.  find  L  Ch. 

3.  Plot  Fort  by  the  intersection  of  lines  from  A.  and  Ch.  and  a 
check  from  S. 

The  following  angles  were  observed : — 
At  Staff- 
Fort  32'  18'  Church  129°  46'  Abbey. 
82  56  Club. 
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At  Club- 
Fort  32'  38'  Church  150*'  22'  Abbey. 
F.S.  121    10. 

At  S.,  Observations  for  T.B.  of  Abbey  : — 

Lat.  50"  45'  N.,  long.  T  7'  W. 

Corrected  declination,  20'  24'  N.     Eqn.    T.  6"  11«— to  M.T. 
S.D.,  16'. 

About  7.0  P.M.     Watch,  6»»  67°»  20-.    Abbey  (alt.  5'),  45**  42'  |0. 
I.E.,  +  2'. 

Comparison,  0^  12°»  25*  slow.     Chron.,  0^  01"  26»  slow  on  G.M.T. 

Pole  is  erected  at  L.W.  at  pier  end,  and  registers — 

YII.  (low  water),  3  feet  9  inches.     Springs  rise  given  on  chart, 
18  feet  6  inches. 

LOO  P.M.  (high  water),  15  feet  9  inches. 

IX.  A.M.  (commenced  sounding). 

(1)  Fort      93'  50'  F.S.  27**  30'  Abbey  .  .  7^ 
4     5f 

27   20      .         .  .  6: 

25   20      .         .  .  6- 


26  00 

24  27 

23  32 

21  40 

22  35 
21  10 

20  14 
X.  00. 

18"*  25' 

19  26 

18  18 

17  02 

15  33 


98  05 

101  02 
5f  4x 

(4)  '  95  42 

(5)  97  26 
31x4f 

(6)  103  06 

(7)  105  30 
4^     4 

(8)  100  31 

(9)  102  18 
4     4f 

(10)  107  25 

(11)  109*  47' 

H  H  H 

(12)  104   08 

(13)  105   57 
4i  3J  4f 

(14)  111    37 

(15)  113   28 
6i3f  4 

(16)  Fort   107    16    F.S.  17   02  Abbey 

(17)  Fort     97   16  Qub  27   21  Abbey 

18)  102   28  27    10  Abbey 

19)  103  39  26   13      . 
544 

(20)  99  07  26   25      . 


\ 


9i 
6\ 

8i 

7i 

7i 
6i 

n 

H 
H 

8: 
8^ 

8: 
8^ 

n 

H 
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(21) 

(22) 
(23) 


6  7 


5| 


IOC*  29' 

105    16 
107   22 


(24)  102  00 

(25)  Church  61    40 
5  5J 

26) 
27) 


i 

(28) 
(29) 


5x 


5  4J 


69  09 

70  21 

66  41 

67  32 

71  40 
70  43 


XI.  00. 
23"  20' 

25  14 

23  47 

24  35 
23    12 

22   55 
21    10 

21    32 
20   43 

19   56 
19   11 


8: 
6i 

8i 
10^ 

n 

8 

1i 

8: 
9i 


(a) 


Fort 
9 


Ship  Bounding,  I.  30  p.m. 
94*'  54'  F.S.  29"  13'  Abbey  . 


88   54  29   30      . 

turning  to  Port  . 
78  58  Club  4r  35"     . 
Perch      12   46 
Beacon    27   00 
Poflt(l)  43   47 
Post  (2)  46   16 

9    10  turning  to  Port 

(d)  Fort     87   35'  31*53'     . 

10 

(e)  97    13  30   30       . 
11x9 

(/)  118  40  18   45 

Perch        4  07 

Beacon    25  43 

Post  (1)  60  21 

Post  (2)  65  52 


15 

15 

9 


10 
11 
12 


II.  00  P.M. 


10  13  13 
(jSf)  Church  7r  20' 

Beacon    12   08 


6"  23'      . 
10  37   F.S. 
1    20  Perch 
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Post  (1)  44   54 
Poet  (2)  33   34 

turning  to  Port 

(h)  Church  67   32  S""  22'  Abbey  .         .16 


18  14  16 


10  40  F.S. 


0)  Fort   115  00      16  23   .    .    .  13} 
llf  llj  13f 

(*)      105^20'     17  07   .       .  14f 
13f  X 

(0  88   34  29   30      .         .         .     14f 

II.  45  P.M.,  measured  lead  line.     O.K. 

Contour  the  shoal  by  the  xisual  contours. 

Scale,  5  inches  al  mile  =  6085  feet.  Draw  scales  of  latitude 
and  longitude  and  natural  scale.  Var.,  17°  W.  Give  the  bearings 
and  distances  of  east  and  west  extremities  of  shoal  from  F.S. 

581. — Explanatum  of  Example  2. — In  the  example  above,  the 
purpose  is  to  sound  out  a  shoal,  on  account  of  a  ship  having 
grounded  on  it,  and  reported  that  it  extended  further  than  was 
shown  on  the  chart. 

The  scale  of  the  published  chart  is  too  small  for  the  purpose  of 
plotting  the  soundings  distinctly. 

It  is  therefore  necessary  to  make  a  fresh  triangulation  so  as  to 
include  only  just  sufficient  marks  to  fix  with  at  any  part  of  the 
shoal ;  this  necessitates  a  suitable  right,  left,  and  middle  object. 

Take  the  longest  possible  side  from  the  chart,  between  two 
objects  whose  identity  are  the  same  as  those  'fixed'  in  the 
original  survey;  meaning  that  there  is  no  doubt  about  those 
being  the  objects  marked  on  the  chart. 

The  objects  chosen  were  an  old  abbey,  and  a  conspicuous 
church;  and  there  was  the  extra  advantage  that  they  would 
serve  the  purpose  also  of  right  and  left  objects  to  'fix'  by  as 
well  as  points  to  triangulate  from. 

A  near  object  for  a  middle  one  is  also  required :  a  staff  at 
the  end  of  a  pier,  also  the  flag-staff  in  front  of  a  club-house 
would  suit  admirably;  especially  as  from  them.  Abbey  and 
Church  are  visible:  this  is  an  absolute  necessity  in  this  par- 
ticular case. 

Angles  were  taken  at  Staff  and  at  Club,  to  Abbey,  Church,  and 
also  to  another  supplementary  left  object,  Fort. 

Since  Abbey  to  Church  is  the  plotting  side,  it  is  required  to 
find  the  angles  at  those  places  to  plot  Staff,  Club,  and  Fort ;  and, 
since  both  places  are  inaccessible,  then  the  required  angles  will 
have  to  be  '  calculated.' 
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Let  H  stand  for  Church. 

In  A  S  C  H  (fig.  214),  S    50'  38'  (observed), 

C  121    10  (observed) 
H      8    12  (calculated) 

180  00 


Fio.  214. 

Let  the  side  S  C  be  assumed  to»  1. 

Then  the  length  S  H  can  be  calculated  ;  it  will  only  be  relative 
to  S  C  being  1. 

S  H  =  S  C .  sin  C .  cosec  H. 

This  gives  the  value  of  S  H  =  6-999  (times  S  C). 

Similarly,  in  A  S  C  A,    S  79"  08'  (observed), 

C  88  28  (observed), 
A  12    24  (calculated). 

Again,  assuming  the  length  of  S  C  to  be  1, 

S  A  =  S  C .  sin  C .  cosec  A. 

This  gives  the  length  of  S  A  =  4*656  (times  S  C). 
Then  in  the  triangle  S  A  H,  the  proportion  (not  absolute)  of  the 
length  of  the  sides  is  S  A  =  4*655, 

S  H  =  5-999, 

and  angle  A  S  H  129^  46'  (measured  at  S). 

Given  two  sides  and  the  included  angle,  find  S  A  H  and  S  H  A. 
The  calculation  gives  A  28°  30' 

H25   44 

These  angles  are  projected  from  A,  and  from  H,  and  plot  S. 
To  plot  the  work  from  the  beginning. 

At  first  presume  the  rough  true  bearing  of  A  from  H,  taken  off 
the  chart,  as  N.  IS""  W. 

Draw  a  line  across  the  bottom  of  the  paper  on  the  bearing  of 

N       .  W 

s'  78*  -p',  assuming  the  bottom  of  the  paper  to  be  roughly  east 

and  west. 
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At  near  the  left  end  of  the  line,  prick  the  position  of  A.  Now, 
from  A  to  H,  on  the  published  chart,  is  3*38  inches ;  and  it  is 
intended  to  work  on  a  scale  5  times  that  of  the  chart.  (This  is  an 
exaggerated  example;  such  an  enlargement  is  an  excessive  one, 
and  would  lead  to  a  considerable  error  in  the  scale.  But  if,  as 
probably  will  be  the  case,  the  shoalest  part  of  the  shoal  will 
eventually  be  'reduced'  back  on  to  the  original  chart  on  the 
same  scale  as  that  chart,  and  from  the  same  side,  A  to  H,  what- 
ever error  there  is  in  the  magnifying  in  the  first  case,  will  be 
cancelled  when  the  same  part  is  reduced  again ;  but  if  the  shoalest 
part  only  of  the  re-sounded  part  is  transferred  by  its  bearing  and 
distance  from  C  or  F,  then  the  error  in  distance  remains.) 

It  must  not  be  forgotten  that  the  triangulation  is  really  being 
worked  '  outwards '  on  a  large  scale  from  a  shqrt  side,  S  C,  though 
the  calculated  angles  are  projected  at  A  and  H,  which  depend 
upon  those  taken  at  S  and  C ;  and  the  utmost  possible  accuracy 
is  required  so  that  S  and  C  may  be  plotted  relatively  correct  to 
A  and  H. 

So,  from  A  along  the  line  of  the  direction  to  H,  a  distance 
of  5.  3*38=16*9  inches,  is  measured:  this  will  give  the  position 
of  H. 

At  A,  project  the  angle  as  found  above  28"  30'  from  line  A  H. 

AtH,         „  „  „  „  25   44 

The  intersection  of  these  lines  gives  the  position  of  S. 

By  the  same  form  of  calculation  the  angles  A  H  C  and  H  A  C 
can  be  calculated,  as  also  A  H  F,  and  H  A  F,  and  when  projected 
from  H  and  A  will  fix  C  and  F ;  and  if  C  and  F  are  *  checked '  by 
the  angles  from  S  to  them,  their  positions  can  be  accepted. 

From  here  onwards  it  is  only  a  matter  of  plotting  the  boat's 
*  fixes '  and  the  soundings  when  reduced. 

When  the  soundings  are  completed,  the  true  bearing  of  H  from 
A  can  be  calculated  from  the  observations  taken  at  S ;  and  the 
true  meridian  drawn  on  the  paper. 

Draw  a  scale,  and  give  the  bearing  and  distance  of  the  shoalest 
part  found,  which,  on  the  reduced  scale  to  the  original  1  inch, 
will  in  this  case  appear  probably  as  one  sounding  (see  note  on 
error  in  scale  due  to  enlargement) ;  and  report  to  the  proper 
authorities,  so  that  the  necessary  amendment  will  be  promulgated 
and  the  chart  corrected.     (See  Plate  IX.) 

582.  Fixing  the  Position  of  a  Line  of  Bcmge  and  Target 
Buoys. — Example  3  (Plate  X.). — Range  and  target  buoys,  and 
a  guide  buoy,  are  to  be  laid  out  for  gun  practice  at  the  south- 
east end  of  Long  Sands. 

The  range  buoys  will  be  numbered  I,  2,  3  from  left  to  right. 
The  target  buoys  are  called  a  and  b. 

The  Commander-in-Chief  requires  that  the  position  of  these 
buoys  be  plotted  on  a  scale  twice  that  of  the  published  chart ; 
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and  their  bearings  and  distances  shown  from  a  permanent  mark, 
for  the  purpose  of  giving  notice  of  their  exact  position. 

The  scale  of  the  published  chart  is  10  miles  «  6*82  inches. 

The  only  serviceable  objects  for  *  fixing '  with,  that  are  visible 
on  shore,  are  Reculvers  Church  and  the  North  Foreland  Light- 
house. 

Their  distance  apart,  measured  on  the  chart,  is  6*33  inches ; 
and  they  bear  roughly  east  and  west  (true)  of  each  other. 

A  boat,  with  her  mast  up,  flying  a  large  flag,  is  moored  about 
a  couple  of  miles  to  the  southward  of  where  it  is  proposed  to  lay 
out  the  buoys. 

The  ship  anchors  at  the  intended  position  of  the  central  buoy, 
No.  2 ;  drops  that  buoy,  and  moors  it.f 

A  boat  will  then  take  out  No.  3  buoy  to  the  eastward,  directed 
in  bearing  from  the  ship,  and  her  distance  from  the  ship  found 
by  rough  M.H.  angle. 

Simultaneously  another  buoy,  No.  1,  will  be  moored  in  the 
opposite  direction,  roughly  by  M.H.  angle,  and  ship  <l>  No.  3. 

The  target  buoys  will  be  moored  approximately  at  right  angles 
to  line  joining  No.  1  and  No.  3,  by  bearing  from  ship ;  and  by 
M.H.  angle  for  distance. 

Angles  taken  at  flag-boat — 


N.  Fore     59**  16'     Reculvers     68"  30'     Lt.  Ye 
Reculvers  139   45     Ship. 
X  1      20"  14'     Ship     16    16     No.  3. 

Bsel. 

Angles  taken  at  ship  (No.  2  Buoy)  — 

N.  Fore     15''  12'     F.B. 

49   31      Reculvers. 
No.  3  119   39     N.  Fore. 
N.  Fore     60   21      No.  1. 
a    66   30     No.  3. 
b    58   50     No.  3. 
Reculvers       2   45     Light  Vessel. 

Angles  taken  at  No.  1 — 

b    30"  25'     No.  3 
a     33   54 

Angles  taken  at  No.  3 — 

No.  1     44*  25'     a. 
47   45      b. 

The  ship  then   weighed,   and  anchored  for  the  night  at  the 
position  intended  for  the  guide  buoy. 

To  fix  :|N.  Fore  28**  05'   Tongue  Lightship  12r  36'   Pole  Star. 
Pole   Star  was  exactly  on   the  meridian.     Corrected  altitude, 
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52**  46'.     Declination,  SS"*  49'  N.     The  position  of  the  c(hip  should 
be  fixed  by  the  intersection  of  three  lines. 

For  true  bearing : 
At  ship  at  No.  2  bnoj. 

24th  March,  1908,  at  about  5.0  p.m. 

Declination,  V  22"  N.     Eqn.  T.,  6™  26-— to  M.T.     S.D.,  16'. 

Time  by  watch,  4*»  43™  55».     N.  Fore  (altitude  V),  82'  36'  |0. 

Watch  fast  on  chronometer,  7°*  09". 

Chronometer  slow  on  G.M.T.,  16°»  10". 

Latitude,  N.  Fore,  bV  22'  27".  Longitude,  1*  26'  45"  E. 
Variation,  14'  40'  W. 

Deduce  the  true  bearing  of  Reculvers  from  North  Foreland. 
Draw  the  T.M.  and  Mag.  M.  through  N.  Fore. 

Give  the  magnetic  bearing,  and  distance  in  cables,  of  each  buoy 
from  Tongue  Lightship. 

NoTB. — ^Take  the  position  of  North  Foreland  1  inch  from  the 
bottom,  and  1  inch  from  the  right  edge  of  the  paper. 

The  fair  chart  must  be  accompanied  by  a  legible  copy  of  the 
computations,  either  as  a  separate  sheet,  or  on  the  fair  chart 
itself :  as  well  as  the  other  answers  required. 

The  utmost  accuracy  is  called  for  in  calculating  and  projecting 
the  long  lines. 

Soimdings  taken  at  each  position : — 

At  flag-boat .  .  IX.    0  a.m. 

At  ship  (No.  2  buoy)     .  IX.    0    „ 

At  No.  1  buoy      .         .  X.    0    „ 

At  No.  3  buoy      .         .  X.  30    „ 

Midway  between  a  and  b  XL  00    „ 

At  guide  buoy  .  IV.  30  p.m. 

Springs  rise,  20  feet.  Neaps  rise,  13  feet.  Age  of  tide,  2  days. 
Age  of  moon,  2  days.  Moon's  mer.  pass.,  l^  36™.  H.W.F,  and  C. 
XL  45. 

Explanation  of  Example  3. — The  foregoing  example  resolves 
itself  into  'fixing'  the  position  of  some  buoys,  by  the  aid  of 
two  distant  objects  visible  on  the  land.  A  new  element  in  '  fixing ' 
is  introduced  by  the  aid  of  the  Pole  Star. 

And,  as  stated,  the  scale  is  to  be  twice  that  of  the  published 
chart. 

Very  much  the  same  system  will  be  carried  out  as  in  the 
preceding  example ;  but  in  this  case,  there  being  no  handy  shore 
objects  for  middle  objects  to  '  fix '  by,  a  boat  with  a  flag  flying  is 
brought  into  requisition. 

The  Tongue  Light- vessel  would  have  suited  for  a  middle  object, 
but  as  it  is  not  always  that  a  light- vessel  may  be  at  hand,  her 
existence  is  partly  disregarded,  and  the  first  part  of  the  under- 
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taking  will  be  carried  out  as  if  the  Tongue  Light-vessel  had  no 
existence. 

Later,  however,  she  is  made  use  of  merely  as  a  light  on  a  ship 
or  a  boat,  which  otherwise  might  have  to  be  placed  thereabouts. 

R  is  Reculvers  Church  ;  and  N  is  North  Foreland.  From  R  to 
N  will  be  the  plotting  side. 

S  and  B  are  respectively  the  ship  and  the  boat  at  anchor ;  and 
angles  are  taken  between  each  other  and  R  and  N. 


Fig.  215. 

Assuming  the  length  of  side   R  N,  it  is  required  to  find  the 
angle  at  them  so  as  to  plot  B  and  S. 

The  distance  from  B  to  S  will  be  assiuned  to  be  L 

L  In  A  RBS,     S    34'  19'  {49*  31'  -  15*  12') 

B139   45 
R      5   56  (calculated  angle) 


180  00 


RB»BS.sinS.cosecR 

=     l.sin34'  19'.cosec5*56' 

«  5-4538. 
RS»BS.sinB.oosecR 

=  1 .  sin  139*  46' .  oosec  5'  56' 

-  6-2504. 

This  only  gives  the  proportion  of  the  two  sides  of  A  R  B  S  as 
1  to  5-4538  to  6-2504. 
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2.  In  A  SBN    S    16' 12', 

B  161    59  (360'*  -  (139'  45'  +  59*  16'), 
N     2   49  (calculated  angle). 

And  assuming  B  S  » 1,  then  B  N  =  3*9389, 

S  N  =  4-8952. 

3.  In  A  RSN,     RS« 62504, 

S  N  =s  4*8952  (in  those  proportions  only), 
and  angle  RSN  =  49' 31'. 

Find  angles  S  R  N  and  S  N  R. 

S  R  N  =  50"  28'  26^ 
SNR  =  80  00  34. 

4.  In  A  RBN,     RB  =  54538, 

B  N  =  3-9389, 
and  angle  RBN  =  59*  16'. 

Find  angles  B  R  N  and  B  N  R 

BNR-76*11'43'. 
BRN  =  44   02  17. 

5.  Then,  since  R  N  is  given  on  the  chart  as  6*33  inches,  and  it 
is  desired  to  plot  on  twice  that  scale,  the  length  of  our  plotting 
side  will  be  12-66  inches. 

The  approximate  bearing  taken  from  the  chart  is  east  and  west. 
Draw  a  line  east  and  west  approximately  parallel  to  the  bottom 
of  the  paper,  and  on  it  prick  two  points  12-66  inches  apart :  one 
being  R,  on  the  west ;  the  other,  N. 

From  R  and  N  project  the  angles  as  found  above,  and  plot  S 
and  B ;  and  from  S  as  a  check,  plot  the  angle  R  S  B ;  the  line 
projected  should  go  through  B. 

That  gives  four  positions  on  the  paper.  The  paper  used  for 
this  work  will  have  to  be  24  inches  by  18  nearly. 

The  angles  must  be  plotted  with  the  most  rigid  accuracy,  to 
the  nearest  minute,  by  the  length  of  their  chords ;  and  the  radius 
used  in  each  case  must  not  be  less  than 
12  inches. 

6.  From  the  position  of  the  flag-boat, 
and  of  the  ship,  the  position  of  the  buoys 
is  'shot  up,'  and  plotted  in  the  ordinary 
way. 

7.  For  true  bearing — 

In  fig.  216,  X  is  the  sun, 

P  Z  is  the  cos  lat., 

P  X  is  the  polar  distance. 

X  P  Z  is  the  hour-angle. 


350  HYDROORAPHIC  SURVETINO. 


For  hour-angle —  For  latitude- 

watch  time  4  43  55  lat.  N.F.  51  22  N.      corrd.  decn.    1  22  N. 

error  watch         7  09  fast.      app.  d.  lat        10  P.D.  88  38 


chron.  time  4  36  46  app.  lat.  51  32 

error  chron.       16  10  slow.    ,_.     *x     is  j-      xi.    x       j  i  x  xi.        i.  xi. 
(If,  after  finding  the  true  d.  lat.  through  the 

G  M  T   4  52  56  '^'^'  ^^^  distance,  this  assumed  latitude 

d  lonff         5  44  £  differs  widely  from  the  true  one,  the  T.B. 

^' '  will  have  to  be  recalculated  with  a  more 

M  T    4  58  40  correct  latitude.) 
Eq.T.(corrd.)  -       6  26 

H.A,  or  A.T.  4  52  14 

To  find  Z  X  (the  sun's  zenith  distance). 

log  hav.  H.A.      4»»  52™  14-    9549372 

log  cos  lat.    51    32  9*793832 

log  cos  dec.      1    22  9999876 

diff.    50   10  9-343080  hav.  =  55'  59'  15'. 

log  vers.  55*  59'  15'    0359443 
log  vers.  50    10  00      0440626 

vers.  0800069  =  78'  28' =Z  X 

90 


sun's  alt.  11    32 


To  find  P  Z  X  (the  sun's  true  bearing). 

log  sec  lat.    51*32'     10*206158 
log  sec  alt.    11    32      10008859 


40  00 
P.D.    88   38 


log  4  hav.  128   38       4*954823 
log  I  hav.    48   38       4-614675 

hav.  9-784515     102*  34'  30'  W. 

In  AZXN,  ZX-78''28'. 

Z  N  =  89  00  (90*  00'  -  r  00')  (the  elevation  of  N). 
X  N  =  angular  distance  from  0  «  obs.  dist.  +  S.D. 

=  82' 36' + 1 6' «  82*  52'. 
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Find  X  Z  N,  which  is  the  horizontal  angle  between  X  and  N. 

log  cosec    78**  28'     10008859 
logcoeec    89   00      10-000066 


XN 

hay. 
hay. 

)earin 

10 

82 

32 
52 

4-861996 
4-770952 

logi 
logi 

93   24 
72   20 

hi 

gofN  = 

The  true  I 

ly.  9-641873  = 

QZN 

PZX+XZN 

102**  34'  30" 

82   55  30 

82*  51 
-180 

185   30 
180 

ktf 


S.     5   30  E.,  T.B.  of  N.  from  S. 

From  this  bearing,  the   true   meridian  is  plotted  through  N. 
The  distance  of  S  from  N,  measured   from   the 
plotted  work,  is  9*4  miles,  and  the  T.B.  of  N  is 
X.  5*  30'  E. ; 

therefore,     dep.  =  9-4  .  sin  5°  30' 

=  9*4  .  -096  (nat.  sine  tables) 
=  9  02 


9-4  m. 


d.  lat.  =  9-4  .  cos  5'  30' 

=  9-4.-995  d.lat 

=  9-35  =  9' 21" 

d.  long.  =  dep. .  sec  lat. 

=  902.sec5r  27' (mid.  lat.) 
=  9-02. 1-6  =  1-44=1' 26"; 

and,  with  this  d.  long.,  convergency  (see  FarmtUa, 
p.  171,  par.  356) 

=  l-44.8in5r  27' 
*        =  1*44 .  -78  =  r  too  small  to  be  taken  into  account. 

Therefore,  if  the  lat.  N.F.  51*  22'  27"  N.  long.  V  26'  45"  E. 

d.  lat.  9  21    N.     d.  long.         1   26   W. 


lat.  of  ship   51    31  48  long.  1    25  19"  E. 

And,  since  the  latitude  assumed  was  51*"  32'  N.  in  order  to  work 
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out  the  T.B.,  it  is  near  enough.  The  longitude  assumed  was 
1**  26' ;  this  also  is  correct  enough. 

It  is  required  to  find  the  position  of  the  guide-buoy. 

The  meridian  altitude  of  the  Pole  Star  is  52*  46'  (if  this  is 
not  taken  exactly  on  the  meridian,  see  Table  30,  Inman^s  TabUs, 
for  its  T.B.  for  any  given  sidereal  time). 

Pole  Star  alt.  (corrected)    52*  46' 

Z.D.   37    14 
dec.   88   49 


lat.   51    35  of  guide-buoy. 

To  find  the  horizontal  angle  between  Pole  Star  and  light-vessel. 
In  A  P'Z  L,  Z  L  =^  90*  (the  light- vessel  being  on  the  horizon), 

P'Z«Z.D.  of  Pole  Star, 

and  P'Z  L  is  the  horizontal  angle. 

Cob  Z  =  cos  P'L .  cosec  FZ 
P'L«121'36', 

log  cos  P'L    9-719320 
log'cosec  P'Z  10-218200 

log  cos  9-937520  =  150*  00',  which  is  the  hori- 
zontal angle  between  P* 
and  Lt.  V. 


dep 


d  lat 

1255 


Fig.  218. 


Pig.  219. 


And,  since  the  Pole  Star  bears  true  north  (on  the  meridian),  then 
the  light- vessel  bears  N.  150"  00'  W.  from  the  guide-buoy. 

Conversely,  the  guide-buoy  bears  from  light-vessel  S.  150*  00'  E., 
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ue,  N.  30'  E.  at  guide-buoy ;  North  Foreland  is  28'  05'  to  the  left  of 
light-vessel ;  then  from  the  guide-buoy,  N.F.  bears  N.  178'  05'  W.; 
or  S.  1'  55'  E ;  or  the  guide-buoy  bears  from  N.F.  N.  1'  55'  W. 

There  are  now  three  lines  intersecting  at  the  guide-buoy :  one 
line  of  T.B.  laid  off  from  North  Foreland  ;  another  line  from  light- 
vessel  ;  and  the  third  line  is  the  parallel  of  latitude ;  or,  since  the 
d.  lat.  between  N.F.  and  the  guide-buoy  is  51'  35' -51'  22'  27' 
=  12' 33'  =  12-55  miles;  and  the  bearing  is  N.  1*  55'  E.,  then 
the  distance  from  N.F.  to  guide-buoy  =  d.  lat.  .  sec  bearing 
=  12*55 .  r00056  miles  ;  and  in  our  scale,  6*82  inches  »  5  miles. 

Then  distance  in  inches  of  paper 

=  1^.6-82. 100056 
5 

=  2-51.  6-82. 100056 

log  2-51     -399674 

log  6-82     -833784 

log  1  00056  241 

1-233699  =  1713  inches  nearly. 

This  example  has  been  purposely  considered  from  the  point  of 
view  of  a  surveying  problem,  to  demonstrate  a  method  of  accurately 
*  fixing '  the  position  of  out-lying  buoys.     (See  Plate  X.) 
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683.  This  is  probably  the  roughest  possible  form  of  triangula- 
tion.  It  is  only  adopted  when  all  other  available  means  fail, 
such  as  might  be  the  case  with  a  steep-to  oceanic  island,  where 
there  is  neither  an  anchorage,  nor  even  perhaps  a  landing;  or, 
it  may  serve  as  a  reconnaissance ;  but  it  will  be  necessary  for  any 
weather-bound  and  everlasting  lee  shore.  It  is  included  here 
solely  as  an  exercise  in  possibilities :  only  a  completely  equipped 
surveying  vessel  would  ever  be  in  the  position  to  carry  out  such  a 
form  of  survey  for  an  extensive  piece  of  work. 

684.  Tangenting  an  Islet.— In  its  simplest  form,  fig.  220 
shows  how  a  small  islet  or  island  can  be  enclosed  or  bounded  by 

a  number  of  '  tangents,'  obtained  from 
a  boat  or  vessel  in  several  positions. 

Supposing  it  to  be  an  island  distant 
from  any  land,  its  position  will  be 
relative  to  the  first  position  at  S. 

This  position  S  is  either  *  fixed  *  by 
angles  to  objects  on  the  contiguous 
shore,  or  by  true  bearings  from  some 
distant  objects ;  or  a  combination  of 
T.B.'s  and  astronomical  lines  of  posi- 
tion ;  or  entirely  aslronomically. 

Taking  the  crudest  possible  case, 
S  is  fixed  in  latitude  and  longitude 
(see  p.  369,  par.  589).  A  magnetic 
bearing,  i.e.  a  bearing  by  compass  with 
the  deviation  applied,  of  the  *  tangent ' 
of  the  island  is  taken,  and  also  the 
angle  between  this  tangent  and  the  other  left  or  right  extreme. 

The  vessel  proceeds  by  course,  and  distance  by  patent  log,  to 
S^ ;  then  again  takes  a  magnetic  bearing  of  one  *  tangent '  and  the 
angle  between  it  and  the  other,  and  so  on,  as  shown  in  fig.  220 ; 
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and  the  area  enclosed  by  these  tangent  lines  is  filled  in,  so  that 
no  part  of  the  coast-line  shall  extend  beyond  them.  The  work 
becomes  more  accurate  if  the  vessel  is  able  to  '  fix '  by  angles  to 
objects  elsewhere ;  then  all  the  '  tangents '  become  angles  measured 
to  some  *  fixed '  object. 

It  is  needless  to  point  out,  that  many  details  are  lost,  generally 
more  than  when  'putting  in'  the  coast-line  from  a  boat;  even 
the  shape  of  the  islet  may  be  a  matter  of  taste.  The  haid  line, 
and  the  dotted  line  in  fig.  220  show  what  the  possibilities  might 
be  ;  either  are  limited  by  the  same  tangents. 

585.  Not  Applioable  unless  Ooast  is  Inaooessible  for  All 
Time.— From  this  primitive  stage,  by  enlarging  on  the  system, 
and  by  improved  means  of  deducing  the  bearings  and  the  distances, 
it  merges  into  the  method  of  a  siirvey  of  larger  detached  islands. 
But  it  may  generally  be  accepted  that  coast-lines,  unless  quite 
inaccessible  at  all  times  and  all  seasons,  are  no  longer  surveyed  by 
this  system. 

As  explained  in  Amendments^  p.  341,  par.  579,  when  the  ship's 
position  is  fixed  by  angles  between  three  objects  on  the  shore, 
then  the  scale  of  each  plotting  side,  and  the  position  of  the  true 
meridians  at  each  'fix,'  differs  from  each  other,  owing  to  the 
error  of  observation  in  the  '  fixing '  angles,  and  also  to  a  probable 
error  in  the  position  of  the  objects  used  on  the  chart. 

586.  Various  Methods  of  Obtaining  the  Bearing  and 
Distance  of  Plotting  Side. — It  will  be  seen  that  a  running 
survey  is  practically  carried  out  in  a  precisely  similar  manner ;  but 
the  distance  and  bearing  of  each  plotting  side  is  deduced  in  the 
one  case  by  taking  angles  at  one  'fix,'  then  at  another,  while  the 
running  survey  '  fixes '  are  obtained  either  by  patent  log  or  by 
mast-head  angle,  and  the  bearing  of  one  position  from  the  other 
is  obtained  with  a  ship's  compass;  consequently,  the  length  of 
each  plotting  side  is  dependent  on  a  system  of  measurement 
which  will  never  give  the  same  accuracy  as  is  obtained  by  angles 
from  three  objects.  The  bearing  also  of  each  plotting  side 
relative  to  each  other  is  obtained  by  methods  which  will  be  much 
greater  in  error  than  that  given  by  station  pointer  fixing. 

The  step  in  advance  of  the  tangent  system  is : 

The  ship  *  fixes '  astronomically  by  sea  horizon  (see  Example, 
p.  369,  par.  589),  or  she  may  begin  from  a  *  fix '  obtained  by  three 
objects  themselves  'fixed '  on  shore  (see  Example,  p.  343).  Where 
there  are  no  elaborate  appliances  available,  the  vessel  then  steers 
a  course  by  compass,  and  a  certain  distance  by  patent  log,  and 
may,  or  may  not,  anchor  at  one  end ;  the  line  joining  these  two 
positions  is  the  first  plotting  side. 

As  regards  the  distance,  it  may  be  measured  by  patent  log ; 
if  one  way  only,  t.e  if  the  patent  log  is  read  at  departure,  and 
again  at  the  next  stop,  the  distance  may  be  almost  miles  in  error ; 
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for  a  five-koot  tide  is  not  unoommon,  and,  whether  the  distance 
is  being  run  *  with  '  or  '  against '  the  tide,  may  be  unknown ;  it 
might  be  possible  to  allow  for  a  current  which  is  known  to  exist, 
but  a  tidal  stream  cannot  be  ascertained  without  anchoring. 

Hence  it  would  be  almost  absolutely  necessary  for  the  boat  or 
ship  to  anchor,  so  as  to  measure  the  distance  by  patent  log  run 
both  back  and  forward ;  and  for  this  purpose  a  boat  must  be  left 
behind  at  the  starting-point,  while  anoUier  runs  the  patent  log 
there  and  back,  from  the  yessel's  second  position  at  anchor. 

Before  using  the  patent  log,  its  own  error  in  registering  should 
be  ascertained  (see  Example^  p.  381). 

Even  when  the  distance  is  run  to  and  from  the  ship's  position, 
the  eventual  error  will  probably  be  about  ^th  mile  for  every 
mile  run  ;  this  means  an  error  of  100  yards  per  mile. 

Since  each  position  is  plotted  from  the  last,  the  distance  in  error 
at  the  next  mile  is  200  yards,  and  so  on,  gradually  increasing. 
Comparing  this  with  the  other  method  of  *  fixing '  by  angles,  it  will 
be  seen  that  there  is  a  considerable  difference  in  the  degree  of 
accuracy  attained. 

The  distance  may  be  obtained  from  the  start  to  the  next '  fix  * 
by  M.H.  angle;  but  here  agaiu  an  error  of  1'  at  1  mile— 100 
yards  nearly,  and,  as  before,  the  error  in  the  total  distance  goes 
on  accumulating. 

Of  the  two  methods  mentioned,  for  any  distance  beyond  1  mile, 
the  patent  log  will  give  the  more  accurate  results. 

As  regards  the  bearing  :  if  the  vessel  does  not  anchor  at  each 
'  fix,'  entire  dependence  is  placed  on  a  course  by  compass ;  and 
the  error  is  one  of  degrees.  Hence  this  form  of  survey  might  be 
adopted  in  the  case  of  oceanic  islands,  a  few  hundred  yards  off 
which  there  may  be  '  no  bottom '  at  hundreds  of  fathoms ;  in 
such  case  a  running  survey  is  the  only  thing  possible.  Off 
weather-bound  coasts  where  there  is  anchorage,  the  system  is 
carried  out  with  the  aid  of  beacons  anchored,  and  shifted  on  ;  from 
beacon  to  beacon,  or  to  the  ship,  being  a  plotting  side. 

Suppose  it  is  possible  and  safe  to  anchor,  then  the  bearing  of ' 
each  plotting  side  can  be  obtained  by  angles,  taken  from  one  *  fix ' 
to  the  next. 

For,  from  the  first  position,  which  is  *  fixed'  astronomically 
(see  Example^  p.  369),  a  true  bearing  is  obtained  of  some  well- 
defined  point,  or  object,  or  sunmiit,  on  the  shore;  and,  supposing  it 
possible  to  leave  an  observer  here,  in  a  boat  at  anchor,  in  perhaps 
150  fathoms  of  water,  the  ship  proceeds  to  a  second  position,  as 
was  carried  out  in  Example  1,  on  p.  367. 

Both  at  the  ship,  and  at  the  boat  left  behind,  angles  are  taken 
between  each  other,  as  also  between  them  and  the  object  whose 
T.B.  was  previously  taken.  The  angle  projected  from  the  position 
of  the  boat,  gives  a  line  of  direction  or  of  bearing  to  the  ship. 


A  RUNNING  SURVEY. 


363 


The  distance  between  the  boat  and  the  ship  can  be  found  either 
by  another  boat  running  a  patent  log  from  one  to  the  other,  or 
by  taking  a  mast-head  angle  from  position  1  if  near  enough. 
(In  days  gone  by,  such  a  distance  was  sometimes  obtained  by 
taking  the  time  between  the  flash  and  the  sound  from  guns  fired 
at  both  ends,  and  such  means  of  measuring  a  distance  not  under 
4  miles,  is  still  permissible.) 

These  two  positions,  i.e.  of  the  boat  and  the  ship,  constitute  the 
ends  of  the  first  plotting  side,  from  whence  a  number  of  objects 
on  shore  are  '  shot  up ' ;  or,  the  shore  may  only  be  '  tangented ' 
from  them  (see  fig.  220). 

The  '  check '  to  the  value  of  the  '  fixes '  at  1  and  2  could  be 
obtained  by  another  true  bearing  from  position  2  of  the  same 
object  that  was  taken  before  at  position  1.  This  is,  in  fact, 
observing  the  three  angles  of 
the  triangle. 

If,  for  instance,  Z  (fig.  221) 
is  the  object  whose  T.B.  was 
observed  at  1  and  at  2,  then 
the  difference  of  the  two  true 
bearings  is  the  angle  1 Z  2. 
If  this  is  added  to  the  angles 
at  1  and  2,  the  total  should 
equal  1 80** ;  but  this  is  not  a 
'  check  '  on  the  distance  1  to  2, 
since  at  V  and  at  2*  with  the 
same  angle  Z  the  triangle  has 
the  same  angles  as  before. 
The  ship  or  boat  next  pro- 
ceeds to  3,  and  her  bearing 
is  found  by  an  angle  either  from  1  or  2. 

In  the  first  case,  if  the  angle  is  from  1,  evidently  1  remains  at 
anchor,  in  order  to  take  the  angle  Z  1  3 ;  but  if  the  angle  and 
distance  is  from  2,  then  1  proceeds  to  3 ;  and,  by  a  system  of 
true  bearings,  and  distances,  and  angles  'on'  and  'back,'  new 
plotting  sides  from  2  to  3,  3  to  4,  and  4  to  5,  etc.,  are  obtained. 

The  length  of  each  plotting  side  is  on  a  different  scale  to  the 
last,  owing  to  varying  errors  due  to  the  patent  log,  tides  and 
currents ;  the  result  is,  that  from  the  first  three  true  bearings  of 
Z,  there  will  be  a  '  cocked  hat '  at  Z.  Accepting  the  centre  of  this, 
the  remainder  of  the  work  will  be  a  series  of  compromises  between 
the  bearing  of  Z  and  the  length  of  the  side  opposite  to  Z. 

X  is  the  final  '  fix ' ;  and  if  the  boat  has  been  left  at  1,  then  the 
last  distance  measured  from  1  to  X  should  coincide  with  that  on 
the  paper. 

We  have  now  much  the  same  sort  of  error  as  described  in 
coast-lining  round  an  island  with  a  10-foot  pole,  shown  on  p.  240, 


Fig.  221. 


364  HTDROORAPHIC  SURVEYING. 

except  that  in  this  case  a  friendly  point  Z,  supposed  to  have  been 
visible  at  every  *  fix,*  has  probably  kept  the  bearing,  from  *  fix '  to 
'  fix '  nearly  correct ;  and  what  probably  remains  will  be  an  error 
in  distance.  This  error  must  be  proportioned  to  each  distance 
run,  and,  if  necessary  the  whole  work  be  replotted ;  but  do  not 
omit  to  weigh  the  importance  or  otherwise  of  the  undertaking. 

587.  Method  where  a  Number  of  Boats  are  Employed. 
— There  must  arise,  however,  a  number  of  cases  favourable  for 
carrying  out  such  form  of  survey. 

For  instance,  take  an  ideal  case  represented  in  fig.  222. 
Suppose  two  observers  A  and  B  land,  and  find  two  convenient 
positions  at  the  ends  of  the  island ;  each  can  put  up  a  flag-staff, 
or  erect  a  substantial  mark.  Suppose  they  can  see  each  other's 
mark ;  each  can  find  the  true  bearing  of  the  other  by  angular 
measurements  from  the  sun  (see  T't^ue  Bearings,  p.  101 ;  p.  230). 

Suppose  X,  y,  z,  are  the 
positions  of  three  boats. 

Then,  if  simultaneous 
angles  are  taken  at  each 
position  to  each  other,  there 
is  practically  a  complete 
triangulation. 

From  X,  y,  2  a,  number 
of  objects  on  shore  can  be 
Fir..  222.  *  shot  up,'  and  the  observer 

at  each  can  make  a  sketch 
such  as  is  shown  on  p.  367,  and  so  'fix'  all  the  north  side  of  the  island. 
In  the  same  way  the  remainder  of  the  coast  can  be  put  in, 
merely  by  shifting  the  positions  of  x,  y,  z. 

The  whole  work  can  be  plotted  from  an  assumed  length  of  A  to 
B.  Let  A  B  be  drawn  6  inches  long ;  then  x,  y,  z  can  be  plotted 
from  that  side,  and  everything  is  relatively  quite  correct. 

For  the  scale,  suppose  x^  y,  z  are  placed  in  one  line,  and  that 
from  X  and  z  the  mast-head  angle  of  the  ship  at  y  is  taken.  The 
sum  of  the  distances  xy  and  zy,  having  been  determined,  will  give 
the  length  of  xz ;  and  from  this  length  the  distance  between  A 
and  B  is  calculated.  Suppose  the  length  is  found  to  be  1200 
yards;  then,  if  AB  (6  inches)  =  1200  yards,  the  scale  is  6  inches 
«  1 200  yards ;  i.«.,  1  inch  =  200  yards  =  600  feet. 

Or,  the  distance  between  x  and  z  may  be  run  by  patent  log, 
with  probably  much  the  same  result  as  before. 

Or  again,  and  better,  if  xz  is  longer  than  A  B,  plot  the  whole 
thing  from  the  side  zz ;  and  deduce  the  scale  from  that  side. 

But  this  form  of  survey  is  really  the  connecting  link  between 
a  triangulation  carried  out  on  land,  and  a  triangulation  mostly 
on  the  water  combined  with  a  '  running  survey ' ;  and,  just  as 
in  a  running   survey  pure    and  simple,  requires  a  number  of 
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observers  and  boats.  Different  conditions  allow  of  a  great  number 
of  potentialities. 

One  may  conceive,  however,  of  a  slight  modification  of  the 
foregoing,  by  supposing  that  only  one  observer  is  on  shore. 
(See  fig.  223.) 

He  would  take  a  true  bearing  of  the  vessel  at  her  first  position, 
and  measure  the  angle  between  each  position  arrived  at  and  the 
previous  one,  providing  there 


Fio.  228. 


is  a  mark  left  there ;  such  as 
angles  SAS^,  SAS2,  br 
S^ A  S2,  while  the  observer  in 
the  boat  takes  angle  AS^S, 
or  AS«S. 

Here,  as  before,  the  ends  of 
the  survey  will  not  meet ;  but 
if  there  is  a  landing  and  an 
anchorage,  the  island  may  at 
some  future  time  serve  some 

purpose,  and  therefore  an  attempt  should   be  made  to  adjust 
the  error. 

Where  there  is  an  observer  on  shore,  practically  all  three  angles 
of  each  triangle  are  observed,  so  that  each  triangle  can  be  adjusted 
as  described  on  p.  232;  and  the  distance  in  error  will  be  pro- 
portioned out  to  each  side  according  to  its  length. 

588.  Squaiing  in  a  Buxming  Survey  round  an  Island.— 
When  no  observer  is  left  on  shore,  but  true  bearings  have  been  taken 

to  'fix*  the  summit  from  the 
first  three  or  four  positions,  and 
angles  to  the  various  objects  on 
the  shore  have  been  referred  to 
the  siunmit,  the  figure  described 
will  be  a  niunber  of  sides  such  as 
is  shown  in  fig.  224.  In  this 
figure,  "the  sum  of  all  the  in- 
terior angles  equals  twice  as  many 
right  angles  as  the  figure  has  sides 
-  4  right  angles."  Then  the  angles  taken  at  the  ship,  and  between 
each  other  and  the  summit,  can  be  readjusted  so  that,  as  in  the 
above  figure,  their  sum  shall  equal  14-4  right  angles,  in  the 
same  way  as  described  on  p.  232.  As  regards  the  distance  in 
error,  each  length  must  also  be  readjusted  in  the  proportion  to 
the  distance  run.  After  this,  the  whole  work  will  have  to  be  re- 
plotted.  Between  each  of  the  forms  of  *  running  survey '  described, 
there  are  innumerable  intermediate  cases ;  but  generally,  in  such 
work  as  this,  one  has  to  study  the  means  of  providing  the  greatest 
accuracy  that  is  possible  under  the  circumstances:  that  is, 
whether  it  is  better  to  measure  the  distance  by  patent  log  or 
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whether  by  M.H.  angle;  whether  true  bearings  shall  be  taken 
from  the  shore  or  from  the  ship ;  if  there  is  a  natural  object  that 
will  be  visible  from  every  '  fix '  round  the  island  ;  and  whether  it 
is  advisable  to  ereot  such  a  mark.  For  an  interesting  and  elaborate 
system  of  a  *  running  survey,'  Wharton  should  be  consulted. 

The  next  example  illustrates  the  method  of  'shooting  up'  a 
number  of  objects  on  the  shore  from  three  positions,  two  being 
occupied  by  a  ship,  the  other  by  a  boat — in  other  words,  triangulat- 
ing from  two  plotting  sides  afloat — also,  how  a  small  island  may  be 
'put  in'  by  tangents;  of  what  assistance  sketches  are;  how  to  deter- 
mine the  height  of  a  conspicuous  hill ;  and  how  to  find  an  'absolute' 
position  by  astronomical  observations  by  the  '  St  Hilaire '  method, 
the  method  adopted  and  now  practised  in  H.M.  Navy  since  1904. 

Bunning  Survey  of  the  Outside  Goast  of  an  Island 
(Plate  XL). — The  coast  of  the  island  runs  in  a  north  and  south 
direction. 

Example  1. — An  islet  surrounded  by  a  reef  lies  off  the  west  side 
of  the  island. 

At  position  (1)  the  ship  is  at  anchor.  Observations  place  her 
in  lat.  50'  20'  20"  N.,  long.  159*  43'  30"  E.  Take  the  first  position 
of  the  ship  4  inches  from  bottom  and  4  inches  from  left  of  paper. 

Scale,  1  inch  =  1  mile  »  6082  feet. 

In  coming  to  anchor,  her  head  was  north,  and  she  gradually  swung 
till  she  headed  south,  then  swung  again  through  west  to  north. 

When  at  N.  20'  E.,  the  bearing  of  a  F.S.  was  N.  43'  E. 


>» 


>» 


»y 


» 


» 


» 


N.  46  E. 
N.  42  E. 
N.  39  E. 
correct  magnetic 


S.  70  E. 
S.  20  W. 
N.  70   W. 
Accept  the  mean  of  these  bearings  as  a 
bearing  of  F.S.,  and  deduce  the  variation. 

At  about  7.45  p.m.,  when  the  sun  was  setting,  the  following 
observation  was  made : —         0|  97*  44'  F.S. 

Declination,  20*  15'  N.  S.D.  16'. 
Angles  taken  from  ship  at  position  (1),  9  a.m.,  9^  fathoms : — 
Rock  <^  head  of — 

5"  30'  White  Cliff<^F.S. 
onhil^  [-White 
aiff. 


Green  Bay 


12*  30'  H  White  Cliff. 


H  Yellow  Cliff  15  00 


>) 


>> 


Yellow  Cliff      20   30 
Canoe  on  Beach  25   20 

Hut  30   45 

North  Islet        35  00 


» 


>> 


j> 


» 


>> 


>» 


)» 


}> 


25  30  Stone  at  head 
of  White  Bay 
^  hill  about 
1  mile  in. 

43  00  Log  on  Beach. 

53  00  South  Pointy 
White  Bay. 


I 
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A  steamboat  is  left  here  at  anchor;  the  ship  proceeds  in  a 
northerly  direction  to  a  position  (2). 

When  the  ship  has  anchored : 

At  steamboat,  Ship  62"  30'  F.S. 

Position  (1)  is  then  buoyed. 

The  steamboat  then  tows  a  patent  log  to  ship's  position  (2), 
and  also  back  to  the  buoy ;  the  mean  of  the  patent  log  readings 
is  2*98  miles. 

Angles  taken  from  ship  at  position  (2),  11.30  a.m.,  8  fathoms : — 

F.S.  94"  00'  Steamboat  (position  (1)), 
and 

19*  15'   h  White  Cliff. 

24   30   Rock  on  Green  Bay. 

37   30   White  Cliffy  hill  1  mile  in- 
land.     Elevation,  0*  iT 
to  shore  horizon.     Eye 
30  feet.     Time,  noon. 

45   30    H  White  Cliff. 

53   40   Stone. 

72   00   South  Point 

66   30   Log. 

The  following  sketch  was  made  from  ship's  position  (2)  at  noon  : 

Elev»0*47' 


H  Yellow  Cliff  11*  40' 

Yellow  Cliff        19   00 

h  Yellow  Cliff  20   30 


» 


91 


Canoe 

32 

00 

Hut 

42 

00 

North  Islet 

47 

30 

)> 


9i 


» 


N  Itlet 

I 
47  30 


^iM^^^JHrrp'-""  »•>       I  -i— -^-r      While  Bay 

■   -  is-is     White  iciirr    I      "'^*'*  ^^ 


I 

20  30 19-00 


1140 


4530 


72  00 


37-30 


FlO.  226. 


The  steamboat  then  weighed  the  buoy,  and  anchored  it  to  the 
northward  of  the  ship. 

At  ship  (position  (2)),  Steamboat  76*  00'  F.S. 

Angles  taken  at  steamboat  (2),  1  p.m.,  7^  fathoms : — 


^•'•jH?^,owaifr(««°«o's*'ip- 


and  Canoe  10*  30'     F.S. 
Hut      12   00 


5'  45'  Yellow  CWff  <^  H  Yellow  Cliff. 
13   00  head  Green  Bay 
23  bo  h  White  Cliiff. 
31    30  Rock. 
37   00  White  Cliff. 
51    00  South  Point. 
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From  the  buoy  to  ship  (2),  the  mean  of  patent  log  readings, 
running  both  ways,  was  2*6  miles. 

The  coast  forms  two  bays,  distinguished  as  Green  Bay  and 
White  Bay. 

The  northern,  Green  Bay,  terminates  in  a  cliff,  about  ^  mile  in 
extent,  at  its  north  end,  and,  separating  the  two  bays  is  a  cliff 
about  1^  miles  long. 

F.S.  is  on  a  summit  which  gradually  rises  from  Yellow  Cliff. 

The  small  hill,  1  mile  inland,  is  separated  from  F.S.  hill  by  a 
valley. 

North  Islet  joins  the  shore  at  L.W.,  and,  between  it  and  Yellow 
Cliff  is  a  small  sandy  cove. 

Enclose  the  whole  in  a  frame  as  a  Mercator  chart. 


For  the  off-lying  islet  to  the  westward. 


At  Posltion0^N.I«ler 


Ai 


Al  Pocitipn  Ship  ®        ^N|«<       At  PoBilion  Steam  bo»i® 


1 1 

oo 


I    I 


•0-  HS«nd  apit 


At  Poaition  Steam  boat  O 
H  lt(  59*30  ShipO  HSand  apic 
•-Spit  49-00  -^W  '^ 

53^0  -« reef  on  W  Side 

Fio.  226. 


Insert  soundings  at  each  position. 
H.W.F.  and  C,  1^  4«». 
Rise  of  springs,  20  feet. 
Neaps  rise,  14^  feet. 

Moon's  meridional  passage,  7^  32°^  (corrected). 
Age  of  tide,  2^  days. 

Correction  for  age  of  tide  and  moon's  meridional  passage  from 
table,  Appendix,  -  62™. 

Hence  limitidal  interval  on  that  day 

=   7*»04"» 

-    1   02 


«   6   02 
adding  moon's  mer.  pass.    7   32 

time  of  H.W."l3~34 
subtracting  12   24  for  time  from  previous  H.W. 

Then  it  is  H.W.  at  1    10  p.m. 
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If  the  moon's  meridional  passage  is  7^  32°* ;  then  7^  32™  divided 
by  48™  gives  roughly  the  age  of  the  moon  »  9^  days  ; 

and  the  age  of  the  tide  is     2}    „ 

Therefore  the  tide  is    7  days  from  spring  tides. 

Spring  tides  rise  20  feet.     Neaps,  14|  feet. 

Therefore  the  rise  of  the  tide  diminishes  5^  feet  from  springs 

to  neaps,  that  is,  7|  days ;  or  at  the  rate  of  -^  per  day. 

5*5 
In  7  days  it  will  have  diminished  7  x  j—  =  5}  feet ;  and  since 

springs  rise  20  feet,  then  the  rise  of  tide  for  the  day  will  be 
14|  feet,  and  the  range  9^  feet  =  9  feet  4  inches. 
If  it  is  H.W.  at  1.10  p.m., 

at  I.  10  P.M.  reduction  =  10*»  +  4*^  8™  =  14»>  8™  =  2 J  fathoms, 
at  XI.  30  a.m.         „        =10  +2  9   =12    9    =2 
at  IX.  00  a.m.        „        =10  -2  4   =  7    8   =li 

For  elevation,  A=di8t.  tan  elevn. 

The  distance  from  the  ship  to  the  foot  of  White  Cliff  is  2*4  inches 
of  paper  =  2*4  miles. 

The  correction  to  elevations  for  a  height  of  30  feet  and  distance 
2^  miles  is  -  8'  (see  Table  14,  Inman's  Tables). 

The  corrected  angle  of  elevation  is  0*  47'  -  8'  -  0*  39'. 

The  distance  of  the  sunmiit  from  the  ship  »  4  miles. 

Then  A  =  4  X  6082 .  tan  0"  39' 
log  4=   -602060 
log  6082  =  3*784046 
tan  0*  39'  =  8*054809 
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log  2*440915  =  276  feet. 

Reduction  to  height,  for  tide : 

From  above,  the  rise  of  the  tide  at  noon  is  13  feet. 

The  observation  for  height  was  made  at  noon,  when  the  tide 
was  13  feet  above  L.W.S. 

Springs  rise  20  feet ;  therefore  the  tide  would  rise  another  7  feet 
to  H.W.S.  And  since  heights  are  shown  as  above  H.W.S.,  then 
7  feet  must  be  subtracted  from  the  height  found ;  and  276  -  7 
=  height  of  the  hill  above  H.W.S.  =  269  feet. 

689.  Example  of  'Fixing'  Afitronoxnioally,  using  the 
Sea  Horizon. — Assume  a  latitude  and  longitude  near  about 
where  the  ship  is  supposed  to  be :  in  this  case,  let  the  lat.  be  50** 
18'  N.,  and  long.  159**  40'  K 

24 
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On  the  23rd  July  1908,  at  about  7.10   a.m.  mean   time,  the 
following  sights  were  taken  : — 

watch  time    0^  00«  28-  obs.  alt.,  24**  21'  10";  I.E.,  +  2'  30' 

comparison  fast    1    05    10  height  of  eye,  30  feet. 

chron.  time  10  55    18 
error  chron.    2   36    35  fast 


G.M.T.    8   18    43  (22nd)     dec.  20*  19'  14"  N.     change  29*7 
longitude  10   38    40  E.  -  4  26  8*3 


M.T.  18   57    23  (22nd)  20   15  48  60 26651 

eq.  time    0     6    13  90     0     0  =4' 26' 

app.  time  18   51    10  (22nd)  P.D.  69   45  12 

24     0      0  eq.  time  6"  12*-2  change    "1 

+  -8  8-3 

hour-angle    5   08    50 


6     13-0  -83 

With  the  above  H.A.  and  the  assumed  lat.  50°  18'  N.,  calculate 
the  sun's  Z.D.  and^her  T.B. 

log  hav.  5^  08»  50-  9*590281 
log  cos  50'  18'  0"  9-805343 
log  cos  20   14  48      9-972301 

diff.  30  03  12      9-367925  hav.  =  57'  45'  55" 

log  vers.  57"  45'  55"    0466611 
log  vers.  30  03  12      0134440 


vers.  0601051-65'*  29'  16"=3Z.D. 

90     0     0 


24   30  44  =  altitude  (calculated). 

To  find  the  true  bearing : 

log  sec  lat  50''  18'  00"     10194657 
log  sec  alt.  24   30  24      10*028431 

diff.  25   47  36 
P.D.  69   45  12 


log  i  hav.  95   32  48        4*869520 
log  I  hav.  43   57  36        4*573200 


log  hav.  9-665808  =  N.  85**  47'  E.«  sun's  T.B. 
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Then,  at  a  given  H.A.  in  lat.  50'  18'  N.  and  long.  159"  40'  E., 
the  sun's  Z.D.  is  es**  29'  16",  and  her  T.B.  N.  85"  47'  E. 

Let  0°  be  the  assumed  position  in  latitude  and  longitude.  If 
the  sun  bears  N.  85"  47'  E.,  then,  anywhere  at  right  angles  to 

this  bearing,  i,e.  g*  4"  13'   g'  line  A  B  (fig.  227)  for  a  limited  . 

distance,  which  varies  as  the  altitude,  or,  say,  between  12  and 
20  miles,  the  sun  will  practically  have  the  same  bearing  and  the 
same  altitude. 

But,  simultaneously  with  the  '  time '  of  the  above  calculation, 
the  sun's  altitude  was  observed. 


-cept 


B^ 


B 


?io.  227. 


Now,  if  that  altitude  with  the  usual  corrections  applied,  is 
found  to  be  the  same  as  that  found  by  the  calculations  '  through 
time,'  then  the  observer  must  be  at  O" ;  unless  there  has  been  an 
error  made  in  either  the  latitude  or  the  longitude,  and  the  error  of 
the  one  has  compensated  for  the  error  in  the  other,  which  is  very 
unlikely. 

If,  on  the  other  hand,  the  altitude  found  by  observation  is  not 
the  same  as  that  calculated,  then  the  observer  must  be  on  a  line 
parallel  with  A  B,  either  nearer  to  the  sun,  or  further,  according 
as  the  altitude  observed  is  greater  or  less  than  that  calculated ; 
and  the  distance,  nearer  or  further,  is  denoted  by  the  difference 
of  the  altitudes,  and  is  called  the  *  intercept.' 

The  mean  of  the  observed  altitudes  0,  when  the  watch  showed, 

as  above,  0^  00"*  28«,  was  24*  21'  10" ;  I.E.,  +  2'  30" ;  eye,  30  feet. 
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Ob8.alt.  24'  21'  10" 
I.E.  2  30 


24    23  40 
dip  5  24 


24  18  16 

ref.  par.  2  00 

24  16  16 

S.D.  15  46 


At  the  instaut  of  *  stop '  by  the  watch, 
suppose  the  observer  to  make  an  error 
of  ±  1' :  it  will  probably  be  much 
more  than  that,  but  assuming  it  as  1, 
simplify  the  ratios  which  follow.  When 
the  hour-angle  is  small  this  error  will 
be  smaller. 


true  alt.  24   32  00 
calc.  alt.  24   30  44 


diff. 


1   16  =  1  '27  miles  ('  intercept '  towards  the  sun). 


Since  the  true  altitude  is  the  greater,  then  the  ' intercept'  (the 

peculiar  expression  for  this  difference)  is  1*27  miles  nearer  the 

sun,  and  the  line  A  B  is  therefore  moved  in  a  direction  N.  85'  47'  £. 

1-27  miles — i.e,  parallel  to  itself — to  A^B^. 

It  is  now  known  that  either  or  both  the  assumed  latitude  and 

longitude  are  wrong;  and  the  premise  is 
that  the  observer  is  somewhere  along  the 
line  A2B2. 

Owing  to  *  errors  of  observation,'  it  would 
probably  be  more  accurate  to  draw  this  line 
about  J  or  J  inch — i.e,  1  mile — thick,  depend- 
ing on  the  scale  used,  probably  never  less 
than  the  former,  unless  one  is  *  fixing  *  on  a 
chart  of  the  world. 

If  now,  by  similar  means,  we  can  find 
another  such  line  cutting  the  first  at  an 
angle  of  say  not  less  than  30',  then,  at  the 
intersection  of  these  broad  bands  will  be  a 
four-sided  figure  some  miles  in  area  within 
which  the  observer  may  consider  himself  to 
be.  There  will  be  a  small  difference  in  the 
size  of  this  figure,  and  consequently  in  that 
of  its  maximum  diagonal,  according  to  the 
angle  with  which  the  bands  cut  each  other ;  but  again,  if  the  angle 
of  cut  is  greater  than  60',  and  both  lines  are  on  the  same  side  of 
the  meridian,  the  second  line  of  position  must  be  such  that  the  sun 
will  be  fairly  close  to  the  meridian ;  in  which  case  the  width  of 
the  second  band,  representing,  as  it  does,  an  '  error  of  observation,' 
might  be  very  many  more  times  the  width  of  the  first ;  because, 
with  a  small  H.A.,  the  corresponding  error  of  observation  to  that 
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of  the  earlier  altitude  will  be  considerably  larger;  so  that  a 
problematic  gain  by  a  wider  *  cut '  will  be  more  than  compensated 
for  by  the  very  much  enlarged  width  of  the  band. 

If  the  lines  of  position  are  considered  as  lines  such  as  are 
drawn  with  an  ordinaiy  sharp  pencil,  and  with  a  ruler  not 
boomerang  shaped,  and  not  with  a  carpenter's  pencil  used  broad- 
ways on,  having  no  definite  edges,  there  is  practically  no  difference 
obtained  between  two  lines  drawn  cutting  each  other  at  30* 
and  at  60**,  and  certainly  none  between  60'  and  90*,  providing 
the  ruler  is  straight  and  the  point  of  the  pencil  sharp.  This 
matter  is  therefore  not  taken  into  account.  In  order  to  illustrate 
the  'method'  under  discussion,  another  observation  should  be 
taken  somewhere  on  a  bearing  nearly  at  right  angles  to  the  first ; 
though  in  this  case  it  will  turn  out  to  be  on  the  same  side  of 
the  meridian. 

It  should  be  clearly  understood,  that  the  two  sights  taken  on 
the  same  side  of  the  meridian  do  not  eliminate  any  'errors  of 
observation,'  at  whatever  angles  the  lines  '  cut ' ;  though,  on  the 
other  hand,  the  nearer  the  meridian,  the  more  accentuated  do  the 
errors  become. 

The  following  sight  is  introduced  to  form  a  means  of  comparison 
between  the  30"  and  90*  *  cut.' 

At  about  9^  30™  a.m.  on  the  23rd,  when  the  sim  had  changed 
its  bearing  about  35  degrees,  the  following  sight  was  taken : — 


h     m    s 

Watch  time    2  30  50 
comp.  fast    1  05  15 


1  25  35 
error  chron.  fast    2  36  35 


G.M.T.  10  49  00  (22nd) 
long,  in  time  10  38  40  £. 


Dec.20*19'l4'N. 
-  0  520 

£q. 

m  B 

time  6  12-2   -1 
+  M  10-8 

20  13  54 
90  00  00 

6  13-3  108 

69  46  06  P.D. 

mean  time  21  27  40  (22nd) 
eq.  time  00    6  13*3 

hour-angle    2  38  33*3 


log  hav.  H.A.    2^  38°»  33«-3 
log  cos  lat.  50*  18'  00" 
log  cos  dec.  20   13  54 


9060546 
9-805343 
9-972344 


'  /\/»/' 


diff.  30  04  06      8*838233  hav.  =  30*  26'  06 
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log  vers.  30*  26'  06"    0*137796 
log  vers.  30  04  06      0*134572 

log  vers.     0-272368     43*  18'  43"  =  Z.D. 

90  00  00 


calculated  altitude  »  46   41  17 


log  sec  lat.  50**  18'  00"     10194657 
log  sec  alt.  46  41  17      10163690 

3   36  43 
P.D,  69   46  06 


log  i  hav.  73   22  49        4776325 
log  i  hav.  66  09  23        4*737018 

log  hav.  9-871690  =  119"  14'  07"  sun's  T.B. 

The  obs.  alt.  was  46'  28'  30"     At   the   moment  of  *  stop '  by 
I.E.+  2  30  the  watch,  suppose  the  ob- 

server to  make  an  error  of 
+  45" — its  ratio  to  the  first 
error  being  '75.   (See  p.  372.) 


46 
dip- 

46 
R.P.-  0 

31  00 
5  24 

25  36 
00  49 

46 
S.D. 

24  47 
15  46 

true  alt.  46 
calculated  alt.  46 

40  33 

41  17 

*  intercept '         00  44  =  -73  mile  away  from  the  sun. 

The  sun's  T.B.  is  N,  119'*  14'  07"  E. 

The  line  at  right  angles  to  this  is  g*  29'  14'  07"  ^" 

Draw  this  line  through  0,  represented  by  R  T  in  fig.  228 ;  and, 
since  the  true  altitude  is  less  than  the  calculated,  draw  a  line 
parallel  to  R  T,  73  mile  further  from  the  sun.     Let  C  D  represent 

this  line. 

Then  the  intersection  of  A*B*  and  C  D  gives  the  position  of  the 

observer. 

The  result  of  these  two  sights  probably  gives  a  more  correct 
latitude  than  longitude,  and  it  would  be  better  to  take  the  next 
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sights  at  about  the  same  hour-angle  on  the  opposite  side  of  the 
meridian,  so  as  to  obtain  a  more  correct  longitude ;  but,  according 
to  the  system,  the  next  sight  will  be  taken  near  noon,  when  the 
sun's  bearing  will  have  changed  about  60"*. 
At  about  noon  : — 

Watch  time    5»»  05"  10*  App.  M.T.    0^  00™  00-  (23rd) 

comp.  fast    1    05    20  long.  10    38    00  E. 

chron.  time    3    59    30  app.  G.M.T.  13    22    00  (22nd) 

error  chron.    2    36    35 


G.M.T.  13    22    55  (22nd)  Dec.  20J»  19»  14«  N     297 

long.  10   38    40  00     6    37  13-4 


M.T.  24   01    35  (23rd)  20    12    37    60|397'98 

eq.  time-     0     6    135  90   00    00  6*37 


app.  time  23    55    21 -5  P.D.  69   47    23 


hour-angle    0   04    38  5 

log  hav.  H.A.    O**  04'  38"-5  6010756  Eq.  time  6»  12-2  1 

log  cos  lat.  50   18  00  9805343  -h  1-3         13-4 

log  cos  dec.  20   13  37  9  97 2402 


6    13-5  1-34 


diflF.  30  05  23         5-788501  hav.=0''  53'  09" 

log  vers.  30*  05'  23"    0-134759 
log  vers.    0  53  09      0000119 

vers.  0134878  =  30*  06'  12"  =  Z.D. 

90  00  00 


calculated  altitude  »  59   53  48 


log  sec  lat.  50*  18'  00"     10194657 
log  sec  alt  59   53  48      10*299676 

9   35  48 
P.D.  69  47  23 


log  i  hav.  79   23  11      4-805280 
log  I  hav.  60   11  43      4-700265 


hav.  9-999878    178*  05'  sun's  T.B. 
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The  mean  of  obs.  alt.  59*  38'  56"        At  the  instant  of  *  stop '  by 

I.E.  2  30  the  watch,  suppose  the  ob- 

server to  make  an  error 
of  ±10";  its  ratio  to  the 
other  two  errors  being  '17. 
(See  pp.  372,  374.) 


59 
dip 

41  26 
5  24 

59 
R.P. 

36  02 
00  30 

59 
S.D. 

35  32 

15  46 

true  alt  59 
calculated  alt.  59 

51   18 
53  48 

'  intercept '  2  30  =  2 '5  miles  away  from  the  sun. 

As  before,  lay  this  off  on  the  bearing  of  N.  178'  05'  E.,  through 
0,  away  from  the  sun,  and  draw  a  line  at  right  angles  to  it 
N.  88°  05'  E.  This,  if  the  sights  are  right,  should  pass  through 
the  previous  intersection ;  if  it  does  not,  there  is  a  '  cocked  hat.' 
Accept  which  you  think  are  the  most  trustworthy  lines.  In  the 
areas  drawn  in  Plate  XII.,  the  '  cocked  hat  *  is  formed  by  joining 
the  point  of  intersection  of  each  diagonal :  the  centre  of  the  in- 
scribed circle  is  the  accepted  position.  It  would  have  been  much 
better  to  have  taken  the  third  sight  when  the  bearing  was  nearly 
opposite  to  the  first;  as  has  been  stated,  the  first  and  second 
observation  gave  a  better  latitude  than  longitude,  and  the  second, 
taken  with  a  third  at  about  the  same  hour-angle  on  the  opposite 
side  of  the  meridian,  would  have  given  a  better  longitude  than 
latitude ;  and  the  results  would  have  been  far  more  satisfactory 
than  those  that  were  taken. 

Plate  XII.  shows  the  plotting  of  all  three  position  lines  on  1  inch 
to  a  mile  scale,  and  the  errors  are  included  in  areas. 

590.  Example  2  (Plate  XIII.). — The  example  that  follows  con- 
sists of,  partly  a  regular  triangulation  of  the  shore,  followed  by  a 
running  survey  of  the  coast.  The  regular  part  of  the  triangulation 
should  require  no  explanation,  beyond  the  fact  that  the  measure- 
ment of  the  base  took  place  the  day  after  the  triangulation  was 
plotted,  and  while  the  anchorage  was  being  sounded  out. 

691.  Plotting  from  an  Arbitrary  Length. — It  is  intended 
as  a  demonstration  of  the  fact,  that  it  is  of  no  consequence  to  the 
triangulation,  what  length  in  inches  of  paper  is  adopted  for  the 
plotting  side. 

Whatever  length  is  laid  down,  every  point  of  the  triangulation 


1 


I 
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is  relatively  quite  correct  to  that  side ;  it  is  only  a  question  of 
what  the  eventual  scale  turns  out  to  be. 

But  since,  as  a  rule,  the  survey  should  be  plotted  on  about  the 
scale  desired,  it  will  be  necessary  at  the  very  beginning  to  obtain  a 
rough  distance  between  the  points  on  which  one  intends  to  plot  from. 

It  is  of  no  consequence  if  the  ultimate  scale  is  a  whole  number 
or  not ;  for,  it  must  not  be  forgotten  that,  when  published,  it  will 
probably  be  on  a  smaller  scale  than  the  original ;  and  may  be 
reduced  .to  a  *  whole  number '  scale :  for  instance,  the  work  may  be 
on  a  4*23  inches  to  a  mile,  and  possibly  be  reduced  to  a  3-inch  scale. 

To  find  the  approximate  distance  between  the  ends  of  the  plot- 
ting side.  In  this  example,  a  steamboat  towing  a  patent  log  ran  be- 
tween a  point  abreast  of  one  end,  to  a  second  point  nearly  abreast 
of  the  other ;  this  gave  a  rough  measurement  of  the  distance. 

By  adopting  that  distance  as  a  commencement,  the  ultimate 
scale,  derived  from  the  measurement  of  a  base,  will  be  near  what 
was  originally  intended. 

For  instance,  it  is  stated  that  the  distance  between  A  and  B  is 

approximately  1*6  miles;  and,  since  the  work  is  intended  to  be 

on  a  scale  of  4  inches,  then  the  length  of  the  plotting  side  is 

drawn  6*4  inches ;  and  the  whole  work  proceeds.     At  the  close, 

a  measurement  is  made  elsewhere,  and  by  calculation  A  B  is  found 

to  be  9105  feet     On  this  basis,  if  the  mile  is  as  stated  6075  feet, 

A  to  B=l*5  miles;  and   6*4  inches  of  paper  really  equals   1*5 

6*4 
miles,  not  1*6.     The  correct  scale  then  will  be  ---»  4-267  inches 

1*5 
and  not  4  as  originally  intended. 

In  deducing  this  scale,  the  length  of  the  piece  representing  the 
base  measured,  is  not  necessarily  plotted ;  in  fact,  in  the  present 
instance  it  is  not  so;  but  the  distance  of  the  plotting  side  is 
separately  calculated  '  through '  a  number  of  triangles. 

In  plotting  this  example,  considerable  judgment  must  be  exer- 
cised as  to  the  *  point '  and  the  line  of  reference  from  which  the 
*  checking '  angles  should  be  projected ;  and  it  will  be  found  that 
all  the  '  points '  cannot  be  '  checked  *  from  one  place.  And  there- 
fore a  second  place  must  be  used  from  which  the  *  checking '  may 
be  effected. 

692.  All  Angles  Taken  are  not  Plotted. — When  angles  are 
taken  in  a  survey,  every  angle  as  it  is  observed  is  written  down ; 
but  every  angle  is  not  necessarily  plotted. 

For  example,  take  any  triangle  ABC.  The  three  angles  of 
the  triangle  have  been  observed,  such  as  A  40''  30',  B  80**  30', 
C  59°  00' ;  but  if  the  triangle  is  constructed  on  the  side  A  B, 
then,  only  angles  A  and  B  are  projected :  the  third  angle  is  not 
plotted,  though  it  must  be  observed  as  a  check  to  the  correctness 
of  the  other  two  angles. 

So  then,  looking  down  the  angles  observed  at  any  place,  some 
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will  be  for  the  purpose  of  completing  a  triangle,  and  the  other 
will  be  projected ;  and  each  angle  must  be  picked  out  for  its 
particular  requirement. 

Take  the  following  example.  At  F,  the  angles  D  87°  30'  A, 
B  44**  30'  D,  C  54''  40'  D,  are  not  plotted  anywhere. 

Also,  places  from  whence  angles  were  taken  are  written  in  the 
order  in  which  they  were  visited ;  but,  in  the  plotting,  the  angles 
must  be  picked  out  as  they  are  wanted,  from  each  place ;  and 
this  requires  a  constant  reference  from  one  to  the  other. 

Since  the  plotting  side  is  A  to  B,  then  the  angles  observed  at 
these  two  places  must  be  plotted  first ;  and  the  intersection  of  the 
two  lines  projected  will  give  positions  C,  D,  E,  and  F. 

Now  for  the  direction  of  the  *  check,'  or  third  line.  For  C,  it 
may  be  convenient  to  take  the  angle  from  D ;  and  for  £,  it  may  be 
better  to  take  the  angle  from  C ;  and  so  on. 

It  is  also  intended  to  convey,  that  the  whole  of  the  triangula- 
tion  was  done  in  one  day. 

While,  on  the  next  day,  one  party  was  employed  finishing  the 
*  secondary '  triangulation  of  the  coast,  as  well  as  measuring  a 
base,  the  ship  steamed  round  the  island,  and  'shot  up,'  by  a 
running  survey,  the  north  and  the  west  sides. 

The  day  following  this,  a  boat,  or  boats,  sounded  out  the 
anchorage. 

Survey  of  an  Isolated  Island,  partly  by  Regular  and 
paartly  by  Running  Survey. — Total  time  occupied,  three  days. 

Rough  Sketch, 
lorbh  P^ 


A,  B,  C,  D,  £,  F  are  erected  marks ;  x^y^t  are  three  summits. 
It  is  proposed  to  survey  the  anchorage  by  a  regular  triangula- 
tion, and  the  back  of  the  island  by  running  survey. 
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A  to  B  is  adopted  as  the  plotting  side :  their  distance  apart  is 
found  to  be  roughly  1  '6  miles.  It  is  proposed  to  use  a  scale  as 
near  4  inches  as  possible. 

Take  A  4  inches  from  the  left,  and  6  inches  from  the  bottom  of 
the  paper. 

Latitude  is  54"  01'  N. ;  longitude,  56"  54'  W.     14th  May  1907. 

The  mile  =  6070  feet. 

The  T.B.  is  obtained  at  B,  with  a  landing  compass. 

A.T.     6^  49°'  20-     Ol  4^  A. 
6    60    40      lO  ^  A. 

The  magnetic  bearing  of  A  is  N.  31    40'  W. 

Draw  the  meridians  through  A.  Take  the  T.B.  from  Burd- 
rooodCs  Tables. 


Observer  at  A. 


6300 


39- 00 


3040 


2&00 


West  P^  83  30  4.3-50 


I      iLow  i 


Fig.  2S0a. 


Observer  at  D,  depression  to  H.W,L.  at  B  0**  18'. 

71  30  612*40' 


26*30 


95-40    * 
•1.2*55' 


115*05 


9-00 


38*40 


I — riab  3500         1 
-H    ••     87-30       -$• 


B 


Fio.  230b. 


17-50 


Observer  at  E. 

57-00 


*?'i!i"' 


'■O*^  I  8-50 

14*10    1*00 


uterB. 


20-10 


Fig.  280o. 


Elevations  (el.)  are  sextant  angles  taken  to  H.W.  level.     Height 
of  eye,  5  feet  4  inches. 
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Angles 

taken  at  F. 

A 

105' 

30' 

W.  Pt.  . 

hA 

80 

00 

H  A. 

D 

87 

30 

A. 

D 

68 

40 

hA. 

h  Low 

6" 

00' 

D 

12 

00 

H  Low  Id. 

h  Flat  19 

30 

D 

B 

44 

40 

D 

C 

54 

40 

D 

(Blob)  a 

85 

30 

D 

At  Blob  a. 

C33' 

30' 

D  77*  10'  F. 

Angles  taken  at  C. 

i^^nlt]    ^^^^'^    18- 20'  H  Low. 
E     25  08  D    76   10    h  A. 
h  Flat     32   30  D    86   07        A. 
B  <^  Inner  B     67   35  D    98   20         F. 

D  105   30    H  A. 
F     66    30    Blob  a. 

At  Blob  b.     Inner  B  80*  00'  D  61'  30'  C. 

At  Blob  c.     Inner  B  69   30  D  51    20  C. 

At  inner  B.  E  44   00  D  50  00  C. 

D  67  20  Blob  b. 
D  92  30  Blob  c. 
Blob  d  28°  30'  B. 
H  Low  32  00  C. 
h  Low  53  30  C. 
H  Flat  70  30  C. 
h  Flat    105  00  C. 

Inner  B  is  a  secondary  station  (0). 

Blobs  a,  6,  c,  d  are  whitewashes  on  the  high-water  line  of  the 
coast,  for  sounding  marks. 

Note. — b  and  c  should  be  fixed  by  calculated  angles. 

Angles  taken  at  B. 

E  61*20' A    4'*30'F. 

h    Flat  74  00  A    7  30  H  A. 

H   Flat  45  00  A    8  20  C  <^  Inner  B. 

h    Low  30   30  A  16  30  x, 

D  27   45  A  38  30  Blob  d. 
H   Low  14   20  A 
h       A    4    10  A 
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While  the  above  triangulation  was  being  completed,  the  ship 
weighed,  and  '  shot  up '  the  north-west  and  north-east  sides  of  the 
island,  having  'taken  off'  the  'main  points'  on  a  plotting  sheet 
of  paper. 

A  boat  was  left  at  the  anchorage,  with  a  lead  line  over  the 
side;  and  registered  the  following  soundings: — 

fms.  ft 
IX.  00  A.M.  2     0 

X.  00    „     1     4 
XI.  00    „     1     0 

Noon  0     4L.W. 

The  estimated  rise  of  springs  was  20  feet. 

IX.  00  A.M. 

Fix.  Fms.   Reduotion. 

(1)  Pat.  log  0  B  109°  30'  D  70°  30'  A  6  IJ 

6x5} 

(2)  Pat.  log  -4  E    5r  30*      33   00  .         .6 

6i     8 

(3)  Pat.  log -7  D    79^00'z«^B       .         .     10  1} 

9     8     7     8    7 

(4)  Pat.  log  1-3  %  28"  30'  y 

E74   20         .         .7 
Outer  B  ^  z 

X.  00  A.M. 

B  60°  30'  White 

67   00  10-ft.  Rock  li 

63   00  Blue 
6}      X      8 

(5)  Pat.  log  1-7  2  43°  30'  y 

E  64    10  y    .         .       9 
z  i,  White      .        .       9i 
Outer  B  92°  30'  y 

78   00  10-ft.  Rock 
96   30  Blue 
99   00  Green 
103   30  N.  Pt. 

Find  the  length  in  inches  of  paper  of  the  patent  log  mile,  and 
apply  this  measure  to  the  readings  which  follow. 

Reset  patent  log — reading  0. 
Shaped  course  N.  11°  E.  mag. 
8      X       X      8i      X 
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(6)  Pat  log  -6     .         .         .         9  1 

Green    IT"*  00' N.  Pt.  9^ 

y  <l>  Blue    45   40  N.  Pt. 

10-ft.  Rock    93    10  N.  Pt. 

White    99   40  N.  Pt. 

Outer  B  110   50  N.  Pt. 

Altered  course  to  N.  21J  W.  mag. 

10  14     16 

XI.  00  A.M. 

(7)  Pat.  log  M   .         .         .         .10  f 

lOJ 
Green  39'  30'  N.  Pt.  S**  00  Red 
y  62   30  <^ 
Blue  69   40  Yellow 
10-ft.  Rock  80   50 

Altered  course  to  N.  49J  W.  mag. 

11  12     17 

(8)  Pat.  log  1-6  .  .16  i 
y  73''  10'  W.  Pt.  ^  A                        16f 

Yellow  22'  00'  A 

Cove  41    30  A 

Red  62   20  A 

N.  Pt.  83  00  A 

16     15     13     15     14 

(9)  Pat.  log  2-25         ...     12  \ 

12f 
y  28'  00'  X  57'  00'.     A— YeUow  <^  Cove.     <^  West  Pt.  101 '  00'  A. 

(10)  A  53'  00'  D  21'  40'  E. 

h  A  55  00  D  14  00  h  E. 
h  D  17   30  D  35  00  H  E. 

Noon. 

Note. — Red,  white,  blue,  green,  and  yellow,  are  distinguishing 
marks  along  the  coast. 

Cove  is  at  the  head  of  a  small  sandy  cove.  The  remainder  of 
the  coast  is  cliff. 

Inside  the  harbour,  from  C  to  B  is  sandy  beach,  the  remainder 
is  a  hard  rocky  coast. 

Ship  returned  to  anchorage. 

Lead  line  measured  3  ft.  too  long  at  5  fms.,  t.«.  1    foot  per  hour. 

^  »  »  '      >i  ^3 


>>  >> 


6        „         „     10   „  2    feet       „ 

9         )>         >»     15    „  3      „  „ 


The  lower  of  the  two  soundings  given  at  each  fix,  is  corrected 
for  error  of  line. 
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A  base  was  measured  on  Flat  Island : 

£  was  the  east  end  of  the  base 
W      „       west      „         „ 
At  W        A  «^  D 

A  129^*  30'  E. 
At  E         W  44  00  A. 

The  measured  distance  from  E  to  W  was  1137*2  feet. 
This  base  forms  no  part  of  the  triangulation,  and  W  is  not 
plotted  :  it  is  only  a  means  of  obtaining  the  true  length  of  A  B. 

Calculation  for  scale : 

In  A  AWE  (fig.  231)— 

W  129*  30' 
£  44  00 
A       6   30  (see  sketch  A,  angle  between  E  and  D) 


180  00 


Fig.  281. 

and  WE=  1137-2. 

AE  :  EW  ::sinW  :sinA 

.-.     AE  =  EWsinWcosecA. 
logEW=   3055837 
log  sin  W-   9-887406 
log  cosec  A  =10-946141 

log  3-889384 
A  £  =  7751 -5  feet. 

AB  :  AE  ::sinE  :  sin  B 

In  A  ABE—  .-.     AB  =  AE,  sin  E,  cosec  B 

A  30M0'  logA£=   3-889384 

B  61    20  log  sin  E=   9999735 

E  88  00  log  cosec B=  10056790 


180   00  log  3-945909  =  8829  feet  =  A  B. 
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Tf  8829  feet «  6*4  inches,  how  many  inches  «:  1  mile  »  6070  feet  ? 
8829:  6070::  6-4:  a:.  a:^?^^^ 

log  6070  =  3-783189 
log  6-4  «   -806180 

4-589369 
log  8829  «  3-945909 

-643460  «s  4-4  inches  »  correct  scale. 

To  complete  the  work,  the  following  soundings  were  taken  the 
next  day : — 

VIII.  00  A.M. 

50  yards  off  F  «^  C  ....     5 

14 

(1)  X     47''  05'  F  56*  50'      .         .  .5 

(2)  X     22   40  F  87   05  D  .  .5;, 

towards  F 
12 
50  yards  off  F 5 

(3)  50  yards  of f  F  <^  X  .5 

10 

(4)  X     49''  50'  C 5i 

111   40  D 
3^     3     2^ 

(5)  X     37'*  02'  C 3J 

105   54  D 
4     5^     9 

IX.  00  A.M. 

(6)  X    56"  20'  C 10;^ 

124   30  D 

H    H 

(7)  C      9'  00'  Inn.  B         .  .     1^ 

C    89   35 

(8)  C  103   40  A      5"  00'  F  J, 

D    78   20 
E  107    10 
f     1     3     4i     5 

(9)  C     34'  35'  Inn.  B  ....     9 
X    83    15 

12     11     9 

(10)  C     75*  35' DOE 10 

(11)  C     84   40  DOE 13^ 

14     5     4i 

(12)  F     84'  30'  C  46'  30'  Inn.  B.  .  .3 

3     3i     2i     li     i 

(13)  A     64'  30'  X i 

6   20  F 
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.  00  A.M. 

(14) 

50 

yards  off  X,  toward  D 

(15) 

F 

3     3J     4i     2J     \\ 
64"  00'  C  62"  00'  Inn.  B  . 

(16) 

C 

i     1     3     4i     5 
94*^30' DOE. 
5    4 

(17) 

A 

84''  20' C  52^  30' Inn.  B  . 
2     1     2i 

(18) 

F 

lOS**  05'  C  59^*  00  Inn.  B 

»                 w 

(19) 

E 

3i     2i 
3r  10'  D  80**  20'  A 

(20) 

E 

^    3^     5 
3r  00'  D  105**  00'  A 

(21) 

A 

5     3} 
67"  05'  C  82"  20'  B . 

I.  00  a. 

M. 

(22) 

A 

56"  20'  C  89"  30'     . 
1     3     5 

(23) 

A 

53"  40'  C  112"  00'  B 

(24) 

D 

6J    h\    31     2i     \\ 
78"10'COF. 

(25) 

D 

70   20  COF  . 

(26) 

A 

U    2^     3f     5i     7 
39"  50'  C  125"  20'  B 
5     3     1 

(27) 

A 

44"  30'  C  93"  20'  B . 

(28) 

A 

38  00  C  89   20  B . 

(29) 

A 

U     2|    3f     5     7 
32"  00' C  119"  40' Inn.  B 

oon. 
(30) 

E 

36"  200'  D  54"  20  A 

And  so  on.     Lead  line  O.K 

2i 

3J 

1 

5 

i 

\r 

1 
\ 

61 


5-* 
i 

\ 


The  remainder  of  the  sounding  was  finished  in  the  afternoon, 
and  the  ship  ran  the  three  lines  shown  in  dots.     (See  Plate  XIII.) 

The  position  of  E  was  fixed  astronomically  with  the  artificial 
horizon,  using  ex-meridians  of  sun  and  of  Pole  Star  for  latitude, 
while  the  longitude  was  obtained  by  equal  altitudes. 

593.  Example  of  Equal  Altitudes  taken  in  Different 
Days. — The  first  set  of  observations  was  taken  on  19th  September 
at  about  II.  30  p.m.,  and  the  corresponding  altitudes  were  taken 
on  21st  September  at  about  IX.  30  a.m. 

The  latitude  assumed  was  54'  00'  N.,  and  longitude  56"  50'  W. 

Comparison  of  the  watch  p.m.  19th  was  1**  59"  41"*9  slow  on 
chronometer. 

25 
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Comparison  of  the  watch  a.m.  2l8t  was  1**  59™  32"-8  slow  on 
chronometer. 

Error  of  the  chronometer  on  G.M.T.,  8>»  06™  46»-9  fast. 

Sept.  21st,     9^  30"  a.m.  is 

Sept.  20th,  21    30  is 

Sept.  19th,  45    30  And,  since  the  first  sights  were  taken  on 

Sept.  19th,    2    30 


43  hours  is,  roughly,  the  time  that  has 

elapsed. 

The  following  were 

I  the  observations  taken : — 

Time  by  Watoh,  a.m. 

Time  by  Watch,  p.m. 

Sum  of  Se 

7h  20" 

'  28-5 

0^  22" 

07"-2 

35-7 

0    21 

16-5      . 

0    21 

23-5 

40 

0    22 

02 

0    20 

38-0 

40 

0    22 

45-8 

0    19 

53-8 

39-6 

0    23 

32-5 

0    19 

07 

39-5 

0    24 

15-5 

0    18 

21-2 

36-7 

0    25 

00-5 

0    17 

36 

36-5 

0    18 

11*3 

0    69 

06-7 

mean  7    22 

45-9 

0    19 

52-4 

A.M.  comp.    1    59 

32-8 

P.M.  1    59 

43-3 

chron.  time  9    22     18-7  2    19    35*7 

19th  Sept.,  chron.  time,  p.m.    2^  19"  35»-7 
19th  Sept.,  chron.  time,  a.m.  45    22     18-7 

sum  47    11     53-4 
diff.  (el.  time)  43    02    420 


^  sum  (mid.  time  chron.)  23    50    56  7 
i  diff.  (i  el.  time)  21    31     21 

App.  noon     0"  00'  20th  Sept.       dec.  A.N.  V  99'  07''  N.       ch.  dec.    58*3 
long.  W.        3   47  -  0     3  41  3-8 


App.  G. A.T.  3   47  1  05  26  60  22154 

P.D.  88  54  34  341 

eq.  of  time  -6  31*17       ch.    "88  increasing.  58*31 

+       3-25  3-7  21-52  (^  el.  time). 


6  34-4  3-256  151249-8312 


83-322 

-  +         - 

Eqn.  of  equal  alt.'  ^d.^,  (tan  1 .  cosec  h  -  cot  p .  cot  h) 


LONG.  BY  EQUAL  ALT.  ON  DIFFERENT  DAYS. 
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The  proper  signs  are  affixed  to  p  and  h  as  above  (see  Appendix 
III.). 

log  tan  lat.  10139005  log  tan  dec.  8  280020 

log  oosec  21^^  31"  21»    10-218907  log  cot  21»»  31°»  21"  10120325 

(sec    3   31    21)  (tan    3   31    21) 

log  83-322       1-920749  log  83322  1-920749 


log  2-278661 
190-00 

- 190-00 
-      1-66 


log  -221094 
1-66 


60 188-34 
-  3  08-3 

Mid.  T.  by  chron.  23^»  50°»  56»-7         app.  noon  24*»  00"  00* 
eq.  of  equal  alt.  -  3    08-3       eq.  time  -  6    34*4 

chron.  T.A.N.  23   47    48-4  M.T.A.N.  23   53    256  (19th) 

G.M.T.A.N.    3   41    02-5  (20th) 

error  chron.  fast    8  06    45*9 


long.    3   47    36-9  W.  =  56**  54' 13' 


G.M.T.A.N.  15   41    02-5 

3   41    02-5  (20th) 

Suppose  that  during  the  long  interval  between  p.m.  and  a.m. 
sight  the  chronometer  has  changed  its  rate  ±  2  seconds,  then 
the  middle  time  bj  chronometer  is  ±  1  second  in  error;  and 
the  longitude  is  therefore  ±  15"  in  error. 


To  Find  the  Latitude, 

594.  Ex-meridian  by  Sun  Observations. — By  ex-meridian 
of  the  sun  taken  with  the  artificial  horizon  the  following  observa- 
tions were  taken  O-     Lat.  54"  00'  N. ;  long.  56°  54'  W. 


watch  time  9*>  43™ 

42" 

alt. 

73" 

43'  10' 

46 

50 

43  30 

48 

10 

44  00 

50 

33 

44  30 

52 

18 

43  50 

53 

41 

mean 

43  40 

73 

43  47 

It 


I.E.  -  2'  35" 


Comparison  of  watch,  1**  59°*  39"-5  slow  on  chronometer. 
Error  of  chronometer,  8**  06™  45"-9  fast  on  Greenwich. 
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app.  noon    0^  00™  OO^'O 
eq.  time   -         6     34*4 

M.T.A.N.  11    53     25-6 
long.    3    47    370  W. 

G.M.T.A.N.  15    41    026 
error  chron.  fast    8    06    45*9 


A.N.  0^  00™ 
long.  3    47 

G.T.  3    47  apparent. 


chron.  T.A.N.  23    47    48-5 
comparison  of  W.     1    59    39*5 

watch  T.A.N.  21    48    08 


dec.  G.A.N.  V  09'  13 
-0     3  41 


// 


ch.  58-3        eq.  time  6™  31»07         88 
3-8  -0      3-34      3-8 


1    05  32 


60221-54 
3-41 


6    34-4        3-344 


Watch  Times. 

d^  43™  42" 
46  50 
48  10 
50  33 
52  18 
63    41 


Watch  T.A.N. 

H.A. 

9»»  48™  08« 

4™  26* 

1     18 

0    02 

1     25 

4     10 

5     33 

• 

Vera.  H.A. 

Sinr 

38 

3 

0 

3 

34 

60 

138 


(See  Inman*s 
Tables.) 


mean    23 
Delambre's  formula  for  the  reduction  to  the  meridian  is : 
Reduction  (in  seconds  of  arc) ^SP^^^<^^ dec. .  ve«.  H.A. 


sin  Z.D. 
The  mean  of  the  obs.  alt.      73'*  43'  47'  © 

I.E.  -  2  35    — 


sinl' 


73   41   12 


36  50  56 

refr.  par.  1   10 

36  49  46 

S.D.  15  57 


true  alt.  37   05  43 
90     0     0 


Z.D.  52   54  17 
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log  COB  lat.    9*769045 
log  cos  dec.    9-999921 
logcosecZ.D.  10-098200   .  „  .. 

log  23    1  -361728  Uhe  mean  value  of  I?!?l£i^- \ 

log    1-228894  =  16-94  (17  nearly). 

The  true  Z.D.  52*  54'  17^ 
reduction  to  meridian  -  0  17   or  +  to  altitude. 


mer.  Z.D.  52   54  00  N. 
declination    1    05  32  N. 


latitude  53   59  32  N. 
Probable  error  ±1'. 

696.  Ex-meridian  of  Polaris. — Also  the  following  ex- 
meridian  of  Polaris  was  observed  in  the  artificial  horizon, 
19th  September  1908,  long.  56*  54'  W. 

Time  by  watch,  11»>  20°»  10».     Alt.,  110*  31'  00'     I.E.,  -  2'  35" 

M.T.  mer.  passage  =  R. A.  (Ursa  Minoris)  -  R.A.M.S.  (sid.  time) 

=  1»»  26*"  -  11^  52™  (see  Nautical  Almanac)  =     13»»  34™ 

long.    3    47  W. 


G.M.T.  17    21 


Time  by  watch  11^*  20™  10«  Sid.  time  G.M.N.  11»»  51™  57« 

comparison    1    59    39  corr.  for  G.M.T.    0      2    49 

chron.  time  13    19    49  mean  time  13    25    26 
error  chron.    8    06    46 


G.M.T.    5    13    03 
12    00    00 


1    20    26  (sid.  time  of  obs.). 


19th  Sept.  17    13    03 

long.    3    47    37  W. 
mean  time  13    25    26 


Observed  alt.  110*  31' 00* 
I.E.  -  2  35 


2| 
refr.  - 

110 
55 

28 

14 
00 

25 

12 
41 

subtract 

55 

13 
01 

31 
00 

reduced  alt.    55   12  31 
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1st  correction  - 1    10  58  (see  Nautical  Almanac,  Table  1,  p.  54). 


2ncl 


3rd 


54 

+ 

01  33 
00     1 

54 

+ 

01  34 
00  57 

54   02  31  latitude.     Probable  error,  ±50". 


The  lat.  by  sun  ez-mer.  was  53*  59'  54' 
„        „    Polaris  „    54   02  31 


accepted  mean  54   01   12  N. ;  or  giving  6  values  to  Polaris 

and  5  to  sun,  according 
to  the  probable  error  in 
results,  gives  a  latitude 
=  54"  or  19^ 

Wharton  does  not  recommend  meaning  sun  with  star  observa- 
tions, on  account  of  the  difference  in  instrumental  error  that  will 
be  due  to  temperature,  and  also  on  account  of  the  difference  in 
refraction. 

These  are,  however,  given  here  as  examples  of  the  methods 
of  finding  a  latitude,  and  a  probable  value  has  been  assigned 
to  each. 

Snrvey  by  a  Number  of  Torpedo  Boats  of  a  River 
Entrance. — A  torpedo  boat  flotilla  is  required  to  sound  out  the 
Ray  Sand  and  Whitaker  Channels,  and  the  Swin  Spitway,  in  the 
Thames  Estuary  (fig.  231a). 

The  work  is  to  be  on  a  scale  of  1*35  inches  =  1  mile. 

Take  Tillingham  4  inches  from  the  bottom  of  the  paper,  and 
2  inches  from  the  left  edge. 

Draw  the  true  meridian  through  1*  of  longitude  E. 

On  18th  March  1908. 

The  boats  are  distinguished  in  their  first  positions  as  A,  B,  C, 
D,  and  E. 

A  is  sent  to  HoUiwell  Point ;  erects  a  mark  named  Hole,  on  the 
sea-wall,  using  three  long  ship's  boat-hooks,  surmounted  at  the 
top,  as  high  up  as  possible,  with  a  whitewashed  deck-cloth — the 
mark  being  well  stayed. 

B  moors  close  to  the  West  Buxey  Buoy. 

C  moors  close  to  the  Buxey  Beacon,  lashes  a  tide-pole  to  the 
beacon,  and  sends  in  a  boat  to  erect  a  mark  at  the  old  buildings 
of  Tillingham  Coast  Guard,  and  whitewashes  a  large  patch  on  the 
building. 

D  took  up  a  position  to  the  northward  of  the  Ray  Sand  Channel, 
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where  B  and  C  are  in  transit,  and  as  near  as  possible  to  the 
3-fathom  line  off  Bachelor  Spit. 

E  moored  close  to  South  Buxey  Buoy. 

When  all  the  boats  were  in  position  thej  hoisted  the  letter  T  flag. 

The  following  is  the  approximate  position  of  each  mark,  and  of 
each  boat : — 


D. 

'S 


•B* 


C! 


Buxey  ''^^  Spilway! 


'i 


A' 


e- 


fo^^^^sV 


Fio.  231a. 


The  dotted  lines  show  these  lines  of  soundings  given  in  this 
example.  In  actual  practice  a  greater  number  would  have 
been  run. 

First,  it  is  required  to  plot  the  various  marks  and  positions. 

Torpedo  boat  F  ran  a  patent  log  backwards  and  forwards  from 
B  to  D,  repeated  twice,  and  found  the  distance  »  3*4  miles. 

Till,  to  E  is  the  side  adopted  to  plot  from. 

The  following  angles  were  taken : — 


At  Holl. 

B    9"  55'  E 

C24   40 

D30   50 

Till.  66   20 

AtD. 
Holl.  16''  40'  TiU. 
C<^B35   30 
E97   20 
N.  Buxey  Buoy  36   00  E 


At  B  (West  Buxey  Buoy).     R  W. H.S. 
Till.  96*  10'  C  ^  D  57**  30'  E 
Holl.  44   50   Till. 


D 


At  E  (South  Buxey  Buoy).     R. 
HoU.     8°  45'  B 
19   50  Till. 
41    20  C 
69   00  D 
D119  40  Whitaker  Spit  Buoy. 

At  Till. 

15'  20'  C 

34  00   E 

49   10   B 

127   20   Holl. 


Lat.  5r  39'  57"  N.,  long.  0*  56'  E. 
App.  T.  VII.  00  A.M.     01  75'  24'  Holl. 


Dec.  0'  65'  S. 
S.D.  16'     I.E.  0' 
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From  the  above,  pick  out  the  angles  of  the  triangles 
TEH,     TED,     HED,     TBD.     BDE; 
and  adjust  the  angles  of  each  triangle  so  that  the  sum  of  the 
angles  shall  =  180'. 

Then  plot  the  positions  from  the  side  T  E. 

Every  angle  must  be  laid  off  by  chords,   and   the   corrected 
triangles  must  be  shown  in  the  work  sent  in. 

A  and  B  were  then  supplied  with  a  tracing  of  each  position, 
and  undertook  the  sounding.     Soundings  are  in  feet. 

By  A.  VII.  00  A.M. 

(1)  HoU.  «^  Till.  51*  10' B 38 

38      •     33     29     31     32     30 

(2)  Till.  69'  40'  B  18'  00'  E  .     33 
40     37     31     35     34     33     34 

(3)  Till.  74'  40'  B  36'  10'  E  .     34 
29     25     22     22     23     25     27 

(4)  Till.  60'  30'  B  66'  50'  E  .  .     29 
29      •      •      •      •     31     32 

(5)  Till,  ff,  B  72'  20'  D 

33  •     34     35     36 

(6)  Holl.  17'  40'  B  80'  30'  D      .  .     37 

D  79   40  E 
This  fix  was  at  Ridge  Buoy.     R.W.  Cheq. 

The  boat  continued  on  this  line  until  she  arrived  at  E, 
then  turned  to  port,  and  ran  another  line  parallel 
with  the  first. 

VII.  30  A.M. 

(7)  Alongside  South  Buxey  Buoy,  1  cable  N.  of  E.     30 

34  36     38     40     41     42     ♦ 

(8)  Holl.  10'  35'  B  71'  40'  D     .         .  .     43 
Continuing  along  this  line  until  she  arrived  at — 

(9)  Till.  78'  10'  B  «^  D 23 

Turned  to  Starboard. 

(10)  Till.  90'  10'  B  42'  20'  E       .         .  .     25 

(11)  Abreast  of  B  ^  W.  Buxey  on  starboard  beam     25 

(B  now  got  under  weigh.) 

VIII.  00  A.M. 

24     25      •     26     22      •      • 

(12)  Till.  119' 10' 0  71*20' E     ....     22 
22      •      •      •      •     23     25 

(13)  Abreast  of  C  <^  E,  dist.  1  cable     ...     24 

And  so  on  to  the  end  of  the  line,  to  abreast  of  D,  and 
back  on  another  line  parallel  with  the  first  and  2  cables 
from  it. 
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At  the  West  Buzej  Buoy,  turned  to  port,  and  ran  a  line 
to  E,  and  went  on  to  the  Whitaker  Spit  Buoy  (see 
further  on)  at  X.  00  a.m. 
Do  not  overcrowd  the  soundings  on  the  paper ;  put  down  only 
such  as  will  be  distinctly  legible. 

Lead  line  in  error  by  a  negligible  quantity. 

VIII.  30  A.M. 

B  sounded  a  line  to  D,  then  proceeded  to  a  position  B'  in 
the  Runch  Shoal,  where  she  moored  in  25  feet,  distant 
about  5  miles  in  a  N.E.  direction  from  D. 

C  left  a  dinghy  at  Buxey  Beacon  to  watch  the  tide-pole,  then 
she  weighed. 

IX.  00  A.M. 

C  at  North  Buxey  Buoy  (this  must  be  fixed  by  calculated 
angles).     Sounding,  48  feet. 

E  94'  40'  Till.  40'  20'  D 

IX.  30  A.M. 

Then  C  took  up  a  position  C,  about  3^  miles  in  an  E.N.E. 
direction  from  North  Buxey,  and  moored  there  in  36  feet. 

X.  00  A.M. 

A  proceeded  to  the  Whitaker  Spit  Buoy.  Sounding  at  buoy, 
31  feet.     B.W.H.S. 

C     10*  50'     B' 
E   107    10 

(This  buoy  must  be  fixed  by  calculated  angles.) 

XI.  00  A.M. 

A  afterwards  took   up  a  position   A'  at  the  Swin  Spitway 

Buoy,  about  5  miles  in  a  N.E.  direction  of  E.     Sounding 

at  buoy,  37  feet. 

A',  B',  C  is  an  extended  triangvlation  from  D  and  E,  for  the 

pwrpoee  of  sounding  the  Spitway,      Every  angle  must  he  plotted 

by  chords. 

At  D.  At  £. 

B'  21"  20'  C  C    21**  20'  A 

25  00  A'  B'    28   50 

74   15  E  D  100   45 

At  A'.  At  B'. 

D    7"  00'  G  E  34"  20'  D 

58   00  B'  46   50  C 

E  29   50  D  97   40  A' 

Ate. 
A'  122*  40'  E    47"  20'  D 
D  112   20  B' 
B'    77   40  A' 

And,  having  fixed  positions  A',  B',  C,  the  Spitway  Shoal  was 
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sounded  out.     The  necessary  triangles  required  to  plot  A',  B',  C 
must  be  adjusted,  and  the  adjustment  shown  (see  p.  397). 

At  position  D  a  true  bearing  is  obtained  of  St  Osyth  Church, 
N.  18°  40'  E. 

At  position  B'  a  true  bearing  is  obtained  of  St  Osjth  Church, 
N.  47°  30'  W. 

St  Osyth  Church— Lat.  51'  47'  52"  N.  )  .  ur  u  j    i.  -^ 

Long.  1    04  45    E.  /  ^"^"^  P^Wished  chart. 

These  bearings  connected  the  positions  B'  and  D  with  a 
determined  object  on  the  shore,  were  a  check  to  them,  and  the 
amendments  could  be  inserted  on  the  published  chart. 


Tide-pole  readings : — 


ft   ins. 


H.W.    VII.  00 

.  15     4 

X.  30 

.     7  10 

VII.  30 

.  15     2 

XI.  00 

.     6     4 

VIII.  00 

.  14     6 

XI.  30 

.     5     1 

VIII.  30 

.  13     7 

Noon 

.     4     2 

IX.  00     . 

.  12     4 

XII.  30 

.     3     6 

IX.  30     . 

.  10  10 

I.  10 

.     3     3  L.W. 

X.  00     . 

.     9     4 

ff.    ins. 


Rise  of  springs,  14  feet. 

Before  plotting,  the  following  calculations  are  necessary : — 
1.  To  correct  the  various  triangles  required. 


Angles 

Correc- 

Correotad 

Angles 

Correc- 

Corrected 

Observed. 

tions. 

Triangles. 

Observed. 

tions. 

Triangles. 

A  TED 

A  DTH 

T    34*00' 

-    6' 

33° 

54' 

D     16°  40' 

+    5' 

16°  45' 

E    49    10 

-    9 

49 

01 

T  127   20 

+  15 

127    35 

D    97   20 

-15 

97 

05 

H    35   30 

+  10 

35   40 

180   30 

180 

00 

179   30 

180   00 

A  TEH 

A  DTB 

T    93°  20' 

•   +15 

93 

35 

D    35°  30' 

-10 

35    20 

E    19   50 

+    3 

19 

53 

T    49    10 

-15 

48   65 

H   66   20 

+  12 

66 

32 

B    96    10 

-25 

95   45 

179   30 

180 

00 

180   50 

180   00 

A  TEB 

A  BDH 

T    15°  10' 

+    1 

15 

11 

B  141°  00' 

-22 

140   38 

E    11    05 

+    1 

11 

06 

D    18   50 

-11 

18   39 

B153   40 

+   3 

153 

43 

H    20   55 

-12 

20   43 

179  55 


180  00 


180  45 


180  00 
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2.  To  find  the  T.B.  of  long  side, 

log  hav.  H.A.    5^    0»    0«      9  568894 

log  cos  lat.  51    39    57        9-792557 

log  cos  dec.    0   55    00        9*999944 


52   34    57        9-361395  =  ^. 


H 

Fig.  281b. 


iiathav.  52' 34' 55"        196195 
„      „  e  229819 


log  nat.  hav.  426014  =  81'  29'  24"  «  T.S.  =  sun's  Z.D. 

90  00  00 


8'  30  36"  =  sun's  altitude. 


log  sec.  lat.  5r  39'  57"    10'207430 
log  sec.  alt.    8   30  36      10004804 

43   09  21 
P.D.  90   55  00 


log  j^  hav.  134   04  21        4-964140 
log  I  hav.    47   45  39        4*607280 


log  hav.  9-783658  =  102'  26' 
Sun's  T.B.^N.  102'  26' E. 

In  A  TSH,  T S  =  81' 29' 24". 
TH  =  90 

H  S  =  75   24  (observed  angle)  + 16'  =  75'  40'. 
Required  the  angle  STH,  the  horizontal  angle  between  the 
sun  and  the  object. 

cos  HS 

COS.STH*-: — m5- 

sm  TS 
log  cos  75' 40' =  9 -393685 
log  sin  81'  29'  24"  =  9*995190 


log  cos  9-398495  =  75'  30'. 


396  HYDBOGRAPmC   SURVEYING. 

T.B.  0,  N.  102*^  26'  E. 
Horizontal  angle  to  H  =3         75   30  to  the  right. 


T.B.  of  H  =  N.  177   56  E. 
Angle  HTE=         93   35      E  being  to  the  left  of  H. 


T.B.  ofE,  N.  84   21  E. 


3.  Far  the  length  of  long  side. 


The  measured  length  of  D  B  =  3*4  miles. 

The  scale  being  1  '35  inches  =:  1  mile,  length  of  D  B  in  inches  of 
paper  =  3*4  X  1*35. 


Fio.  281c. 

Calculate  the  length  of  T  E  ; — (a)  through  triangle  D  B  T  ;  and 
(6)  through  A  D  E  B. 

(a) 

E T  =  T D . sin  9745 . cosec  4901. 
T  D  =  B  D .  sin  95'45  .  cosec  48*55. 
.-.    E T  =  3-4  X  1  -35 . sin  97-45 .  sin  95*45 . cosec  4901 . cosec 48-56. 

log  3*4  -     -531479 

log  1-35=     -130334 

log  sin  97-45=   9-996673 

log  sin  95-45=   9*997809 

log  cosec  49-01  =  10*122110 

log  cosec  48*55-10-122770 


log -901 1 75  «  7 -965  inches. 
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(*) 

Angles 

Correc- 

Corrected 

Observed. 

tions. 

Triangle. 

A  DEB 

D    6r50' 

+  9 

6r  59' 

E    60    15 

+  9 

60   24 

B    57    30 

+  7 

57   37 

179   35 

T  E  =  D  E .  sin  97-05 .  cosec  33-54. 
D  E  =  B  D .  sin  57-37 .  cosec  60*24. 
T  E  =  3-4  +  1-35 .  sin  9705 .  sin  57-37 .  cosec  33-54 .  cosec  60-24. 

log    3-4   -     -531479 

log  1-35=  -130334 
log  sin  97  05=  9-996673 
log  sin  57-37=  9-926591 
log  coeec  33-54  =  10060733 
log  cosec  60-24  =  10-253564 


log -899374  =  7-932  inches. 

by  (a)  TE  =  7-965  inches. 

» 

(b)  TE  =  '; 
mean  ' 

r-932      „ 

r-948  inches. 

4. 

For  the 

trtangulation  extended  to  A' 

,  J>\  c\ 

Angles 

Correc- 

Corrected 

Angles 

Correc- 

Corrected 

Observed. 

tions. 

Tri&ngles. 

Observed. 

tions. 

Tringles. 

A  DEB' 

A  D  A'B' 

D     74"  15' 

— 

12 

74° 

03' 

D     25°  00' 

-    6 

24°  54' 

E     71    55 

— 

12 

71 

43 

A'    58   00 

-14 

57    46 

B'    34   20 

6 

34 

14 

B'    97   40 

-20 

97    20 

180   30 

180 

00 

180   40 

180   00 

A  DEA' 

A  E  A'B' 

D     49**  15' 

+ 

3 

49 

18 

E     28°  50' 

E  100   45 

+ 

5 

100 

50      A'    87   50 

A'    29   60 

+ 

2 

29 

52 

B'    63   20 

179   50 

180 

00 

180  00 

A  DEC 

AEB'C 

D     52°  55' 

+ 

6 

53 

01 

E       7°  30' 

+    4 

7   34 

E     99   25 

+ 

9 

79 

34 

B'    12   30 

+   6 

12   36 

C    47    20 

+ 

5 

47 

25 

C  159   40 

+  10 

159   50 

179   40 


180  00 


179  40 


180  00 
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The  position  of  St  Osyth  must  be  plotted  from  Tillingham  in 
its  relative  astronomical  position. 

lat.  T     5r  39'  57"  long.  T     0"  56'  00"  E. 

lat.  0     51    47  52  long  0     1    04  45    E. 


diff.  lat.         7  55  difF.  long       8  45  =  8' 75. 

=   7'-917  dep.  =  8'-75x  1-35  X  cos  51*44' 

scale,  1-35    inches    log  8-75=    -942008 

log  1-35=   -130334 

diff.  lat.  in  inches,  106879  cos  51"  44'  =  9791917 


log  -864259 
=  7-316  inches  (dep.) 


jj^^tan  bearing. 

log  dep.     7-316=   -864274 
log  diff.  lat.  10-688  =  1-028897 


log  tan  9-835377 
=  34'*  23'  (T.B.  of  0  from  T,  N.  34"  23'  E.) 

dist.  =  diff.  lat.  sec.  bearing. 
log.  diff.  lat.  =    1028897 
log  sec  bearing  =  10083443 


11 12340  =  12-952  inches. 

From  this  position  of  St  Osyth,  the  true  bearings  taken  at  D 
and  B'  are  projected :  the  lines  so  projected  should  go  through  D 
and  B'. 

If  there  is  an  appreciable  error,  reverse  the  process ;  that 
is,  lay  off  the  true  bearings  from  D  and  B' :  at  the  intersection 
of  these  lines  will  be  the  position  of  St  Osyth  by  triangu- 
lation. 

Compared  with  the  astronomical  position,  the  bearing  from  T 
will  be  so  much  in  error  in  bearing  and  so  much  in  distance ;  and 
these  errors  must  be  adjusted  by  a  constant  error  in  the  bearings 
of  each  position  from  T,  and  a  proportional  error  in  distance. 
(See  Appendix  V.) 
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696.  Sextant  Angle  Survey  with  Notes.— 1.  It  is 
Intended  to  spend  a  couple  of  days  in  surveying  an  anchorage 
by  sextant  angles  (Plate  XIV.). 

Steaming  round  the  harbour,  from  a  boat,  a  rough  sketch  is  made — 


Cliff 


Warn 


,,  M/7/        Round  ^^-s^!^^^-^^,^^^ 

f^outh 


islet 


Mew  t*f  O 


j*  Green 
(•Outer 


Fig.  232. 


2.  Whitewashes,  or  other  marks,  are  put  up  in  the  positions 
indicated  in  the  sketch ;  all  being  placed  so  as  to  be  visible  from 
Mew  and  Green,  and,  if  possible,  also  from  Mill. 

3.  It  is  decided  to  use  Mew  to  Green  as  the  plotting  side;  because 
from  these  two  all  the  other  marks  are  visible,  and  also  because 
at  these  marks  the  *  receiving '  angles  are  *  well  conditioned.' 

4.  Observer  *  A '  lands  at  Mew  with  a  landing  compass,  and 
makes  the  following  sketch  : — 


o 

O 

«n 

• 

I 

o 

(O 

tt 

»o 

M 

CM 

1 

(M 

« 

V» 

•O 

1 

• 

s 

n 

c»> 

I 

oa 


Fio.  288. 


5.  For  true  bearing ;  at  Mew. 

Time  by  watch,  9**  46"  10* ;  watch  slow  on  chronometer, 
2»»  55"  16». 

Error  of  chronometer,  9»*  13™  38»  slow  on  G.M.T. 

Latitude,  50"  20'  N. ;  longitude,  4"  00'  W. ;  declination,  V  30'  S. ; 
Eq.  T.,  8~66»  +  toM.T. 

^  Green  360"  0'         Ol  48'  57'  .     S.D.  16' 

from  which  deduce  the  T.B.  of  Green. 
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Also  the  following  bearings  were  taken  with  the  compass. 

lO  S.  23'  10'. 

Ol  S.  22   40  E. 

Green  S.  71    10  E. 

Mill  N.  70  40  E. 

Wem  N.  15   00  E. 

From  these  observations  find  the  variation. 

6.  *A'  then  proceeded  to  Green  A  ^7  steamboat,  towing  a 
patent  log ;  and  found  the  distance  between  Mew  and  Green  to  be 
about  1  mile. 

7.  The  scale  adopted  is  intended  to  be  5  inches  =  1  mile  =  6083 
feet. 

8.  *  A '  then  made  the  following  sketch  from  Green : — 


Sea  S-22  Mouth. 
Outer  75-/7  Mew 


Fio.  284. 

9.  Observer  *  B/  after  putting  up  the  marks  on  the  coast,  took 
angles  at  Mill  A  • — 

Islet  46''  54'  Mew  24**  58'  Wem. 

Outer  75   00  Mew  38   10  Cliff. 

Green  83    12  Mew  70   20  Bam. 

Summit  Green  94   00 

Mouth  98   10 

Sea  117    35  Mew    2   30  Mew  Summit, 
h  Mew      1    30  Mew    4   30  H  Mew. 

Sharp  38   28  Green. 

Round  42   48 

10.  There  is  a  reef,  dry  at  L.W.,  connecting  Islet   with   the 
coast  off  Mill  A- 

*  B '  measured  by  chain  the  distance  from  Mill  A  to  Islet  and 
found  it  1224  feet. 

At  Islet,  Mill  A  128"    3'  Green. 

Sea    40    15  Green. 
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11.  After  the  points  have  been  plotted  on  the  assumed  scale, 
from  the  above  measurement  deduce  the  true  scale  of  the  plan. 

12.  *  B '  erected  a  tide-pole  at  Islet — 

(a)  and   it  was  foimd  that  the  estimated  H.W.  spring 

mark  on  the  Islet  was  level  with  the  16  feet  6  inches 
mark  on  the  pole  ; 

(b)  the  reading  at  H.W.  on  the  pole  was  13  feet  2  inches, 

L  W  4         4 

from  which  deduce  a  datum  mark  on  the  pole  corresponding  with 
L.W.S. 

A  datum  mark  /Jv  is  cut  on  the  rocks  4  feet  10  inches  above 
H.W.  as  a  future  reference,  but  representing  6  inches  only  above 
H.W.S.,  and  this  was  the  eventual  height  of  springs  decided  on. 

13.  *  C '  did  the  sounding : — 

VIII.  30  A.M. 

Fix  (1)  Off  Mew  100  yards 2| 

Islet 


2)  Bam      46'  20' 

H  If     1 

3)  57  00 

4)  68  50 
If  3i  4i 

5)  Bam      58   00 

4f     4       3 

IX.  00  A.M. 

6)  Off  Mew  100  yards 

H     5f     6i 

7)  Bam      60    10 

5f     5       3i 

8)  97   60 

9)  Mill       50   30 

IX.    30  A.M. 

H     5f 


24^00'    Green 


16 
14 


20 
40 


Islet     26   50     Green 


Islet     39    30     Green 


21 
14 


00 
20 


Outer 


0)  Bara  52 

7  '8^ 

1)  41 

H  8i 

2)  23 


6 
10 

7f 
30 

n 

00 
5 


69   40    Green 
46   30    . 


98   30 


3)  Off  Islet  100  yaids 

X.  00  A.M. 


4)  Green 

H 

5)  Mew 

H 


86 

H 

59 


50 
5 
30 


Islet    69   30    Bam 
Islet  tft  Bam 


2 

K 


2J 
9 

1, 

H 

H 
H 
H 

H 


26 
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(16)  Off  Green  100  yards  . 

(17)  Off  Mouth  100  yards  . 

(18;  Mew       20   20     Islet  102   40 
5f       5     4 

(19)  Green    73   40  8   50 

H 

(20)  Off  Sea  Point  100  yards 

H    H 

(21)  Off  Mouth  100  yards. 

Noon. — Returned  on  board. 

Measured  lead  line,  O.K. 

The  soundings  were  resumed  on  the  next  occasion  of  visiting 
the  anchorage. 

14.  Tide-pole  register  : — 

ft.   in. 
VJII.  00 4    11 


• 

•  n 

• 

■   H 

Farm 

■     5f 

Wem 

.     3 

• 
• 

.     2 

■ 

.     2 

IX.  00 
X.  00 
XI.  00 
Noon  . 


6 

8 


7 
10 


11  11 

12  9 


15.  *  B  *  put  in  the  coast-line — 

At  (a)  Sea  7'  00'  Islet  SV  10'  Mew. 

Mew  ^  h  Mew  24"  00'  Boat-house. 
7''  45'  St  Mew. 
ir  30'  H  Mew. 
Sandy  beach  to  Wem.     Cliff  to  Cliff  ©. 
At  (6)  Sea  27**  10'  Islet  90'  10'  Mew. 

Coast  back  to  Cliff,  cliffy — about  50  feet 

high. 
Coast  on  67°  00'  Islet. 
Hard  rock  for  200  yards,  then  shingle. 
At  Mill  Mew  75'  30'.     Coast  back,  shingle. 

At  (c)  Sea  90'  10'  Islet  29'  20'  Mew. 

Coast  back  to  Mill,  rocky. 
At  Round  0  Coast  back  to  (c),  rocky. 

A  stone  17°  45'  Sharp, 
blackwood  28'  10'  Sharp. 
At  Sharp  ©    A  great  many  off-lying  rocks  off  the  coast, 

covering  at  H.W. 
Round  63'  30'  a  stone. 

38   30  blackwood. 
Kelp  56'  00'  Sea. 
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At  {d)  Green  70'*  10'  Islet  8'  30'  Wem. 

Islet  99**  00'  Kelp. 
Coast  back,  rocky. 
Stick  49'*  00'  Sea. 
Coast  on,  200  yards  shingle. 

At  Sea  Sharp  38'  30'  Stick. 

Coast  back,  sand,  then  gravel. 

Sounded  back  to  ship. 
16.  At  ship,  make  a  sketch,  for  topography,  at  10  a.m. 


100-30 


^GnenSt^ 


Fio.  285. 

Fix  at  Ship,  Mew  96**  00'  Mill  <^  Islet  84'  00'  Green. 

17.  Sea,  Point,  and  Mouth  are  at  the  entrance  to  a  creek,  shallow 
water  stretching  across. 

Mouth  round  to  Green  and  thence  to  Outer  is  a  steep  bank 
fronted  by  numerous  ledges  of  rock,  drying  at  L.W. 
They  extend  ^  cable  off  the  coast. 

18.  The  low  land  to  the  west  of  Mill  is  cultivated. 

The  hills  are  wooded,  and  about  200  feet  high,  their  height 
being  found  by  elevations  taken  at  the  foot  of  the  ship's 
gangway. 

19.  Draw  the  true  and  magnetic  meridians  through  Mew, 
whence  they  were  obtained. 

20.  State,  in  title,  name  of  port ;  who  did  the  survey  ;  latitude 
and  longitude  of  observation  spot  (SO**  19'  25"  N.,  4*  06'  20"  W.); 
the  assumed  rise  of  springs;  the  position  of  the  datum  marks 
and  what  it  represents ;  state  soundings  in  feet  or  fathoms,  and 
the  date ;  and  scale. 

Show  by  a  pencil  line  where  you  think  additional  lines  of 
soundings  should  be  run. 
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697.  Plan  of  a  Harbour  by  Theodolite  Angles. — It  is 
intended  to  make  a  plan  of  a  harbour  in  which  the  ship  would  be 
detained  for  a  few  days  (Plate  XV.). 

A  general  sketch  is  made  from  a  steamboat. 


o  Knock 


Black 


Witch 


MacPf 


North 


Glen 
Fio.  236. 

By  patent  log,  towed  by  the  steamboat,  from  abreast  of  Bat  A 
to  abreast  of  Daran  A  ^^^  distance  foimd  is  roughly  1  *6  miles. 

Principal  stations  (A)  a*"e  erected  as  shown  in  sketch;  and 
later,  an  assistant  went  round  the  coast,  and  put  up  subsidiary 
marks  (0)  as  shown. 

It  is  proposed  to  use  Bat  to  Daran  as  the  plotting  side,  from 
which  the  other  main  stations  are  plotted  in  the  following  order: — 
(1)  Trench,  (2)  Mac,  (3)  Mill,  (4)  Pier,  (5)  Knock. 

The  scale  adopted  is  to  be  about  4*5  inches  =  1  mile  =  6070  feet. 

From  Bat  A>  Daran  A  bears  east  by  compass — the  approxi- 
mate variation  is  21'  W. 

At  Bat  A  the  following  sketch  was  madej  and  angles  taken : — 


•^  Daran   . 

360'  00' 

<^  N.  Base. 

Mill  A 

12   50 

Glen  ©         .         .         . 

43    10 

Craig  ©       .                  . 

236   40 

Pier  A         ■         ■ 

255   38 

<^  Witch  © 

Eagle  ©      .         .         . 

284   06 

Knock  Summit 

289   17 

Trench  A    • 

322   26 

Tar  © 

336   30 

Mac  Point  A 

340   46 

Wall  ©        .         .         . 

358   52 

— >.  Daran  ^  North  ©  . 

357   30 

Highest  Peak  Daran 

8   14 

Elevation  V  43' 

— ^  Daran 

11   40 

Z.O.K. 

A  THEODOLITE  ANGLE  SURVEY. 


405 


Taken  with  landing  compass : — 

Knock  A  .         .     N.  23'  40'  W. 

Mac  A  .  .  .  N.  28  10  E. 
Glen  0  .  .  .  N.  71  05  E. 
Craig  0   .         .         .     N.  76   05  W. 

For  true  bearing  ^  Knock,  latitude  55"  20'  10"  N.,  longitude 
7M0'  12"  W.:— 

^     96   09     Dec.  IS**  N. 
cP     95   40     Appt.  T.P.  VII.  12  a.m. 
P    96   06 

Draw  the  true  and  magnetic  meridian  through  Bat  A* 

At  Daran  A  • — 

^  Bat.  </>  N.  Base  dep.  to  W.L.  (2''  44').     Error  -  3' 

Trench  A    . 

Pier  A    •     • 

Knock  Summit 

Mac  Point  A 

Mill  A 

Black  0 


■^Bat 


15" 

00' 

17 

02 

50 

22 

79 

24 

347 

04 

48 

20 

o 

f 

L  Knock 

Trench      nChim 


Mae 


Fio.  238. 
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At  Mac  Point  A  A*  Bat  A  ' — 


Trench  A    • 

8** 

36' 

Mill  A 

333 

30 

N.  Base 

339 

43 

Summit  (d)  . 

321 

40 

Elevation  3"  04' 

Error  +  2 

99          \V  • 

364 

18 

„        3   47 

»    +2 

Highest  Summit  Daran 

293 

30 

„        3   27 

n    +1 

North  ©      .         .         . 

272 

00 

Wall  0  *    . 

315 

42 

Otter  0 

<^  — ^  Daran  Island 

-<—  Daran  Island 

264 

50 

Tar  ©          ... 

6 

09 

Black  ©       .         .         . 

20 

20 

Daran  A      ■         •         . 

278 

38 

Z.OK. 

At  Trench  A  -^  Daran  A  :— 

N.  Base 

20** 

30' 

Mill  A         •         .         . 

46 

06 

-^  Daran    16' 
^      „      355 

00' 
30 

Bar  A          •         •         • 

127 

27 

<!> 

Pier  A         •         •         • 

195 

33 

North  © 

(d)  Summit 

69 

00 

(e)         „       .         .         . 

127 

30 

Z.O.K. 

At  Mill  A  -^  Bat  :— 

Pier 

24' 

02' 

N.  Base 

96 

05 

Chim   .... 

44 

45 

Knock  Summit 

66 

04 

•«—  Daran 

142 

30 

^Wall© 

— >•  Daran    . 

178 

00 

Otter  0        .         .         . 

196 

35 

Z.O.K. 

A  base  is  measured  at  L.W.  on  the  dry  shingle  beach  between 
N.B.  and  Mill  A  -  1223  feet  :— 

In  A  BNM—  In  A  DNM— 
B-12''50'  I  D=   12' 56') 

N  =  72   06     FindBN.  N=107   55  VFindND. 

M  =  95   05  I  M=   59   09  ) 

B  N  +  N  D  =  length  in  feet  of  plotting  side,  from  which  deduce 
the  true  scale  of  plan. 
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At  Pier  A  "^  Daran  A  : — 


(d)  Summit 

48" 

50' 

(e)         „ 

.       98 

30 

Baae  of  Pier. 

<f>  Church  (Tower) 

)        .     140 

00 

Church  (Spire) 

.     221 

30 

(a)  Summit 

.     247 

30 

Knock  Summit 

.     290 

24 

(b)  Summit 

.     319 

30 

(c)         „ 

.     334 

20 

Pier  is  660  feet  long,  60  feet  wide. 
Z.O.K. 

Put  up  tide-pole,  on  north-west  side  of  Pier  end;  at  L.W. — 
reading  2  feet. 

H.W.  spring  mark  was,  from  local  information,  said  to  reach 
within  3  feet  6  inches  of  top  of  Pier,  and  this  mark  was  level  with 
the  1 1  feet  4  inches  mark  of  the  pole. 

H.W.  reading,  9  feet  10  inches. 


29th. 

30th. 

ft. 

in. 

10.0  A.M.  L.W. 

.     2 

0 

8.0  A.M. 

110     . 

3 

6 

9.0      . 

Noon    . 

.     5 

2 

10.0 

1.0  P.M. 

.     6 

8 

11.0 

2.0     . 

8 

1 

Noon     . 

3.0     . 

.     9 

0 

1.0  P.M. 

4.0     . 

.     9 

9 

2.0 

5.0     . 

9 

6 

3.0 

6.0     . 

8 

4 

4.0 
5.0 

ft. 

in. 

6 

2 

4 

11 

3 

2 

1 

11 

3 

5 

5 

1 

6 

7 

8 

0 

8 

11 

9 

8 

Deduce  the  datum   reading,   and   hence  the    reductions    for 
soundings. 

Bench  mark  was  cut  on  a  building  5  feet  above  the  level  of 
the  Pier. 

To  fix  the  position  of  secondary  stations  0. 
After  they  are  erected,  sextant  angles  are  taken  at  them. 
At  Otter  0  :— 

.    23"  06'  Mac  A  i>  Wall  Q  4><--  Daran  I. 

.    42   44 

.    72   36 

.    60   30  -^  Daran  (Hutch.  Point). 


Black  0 
Tar  0 
Trench  A 
Mac  A  </>  Wall 
At  Glen  0  :— 
Trench  A 

Bat  A  • 

Trend  on  300  yds. 

Mac  A  • 


n 


>> 


>♦ 


}) 


>> 


>) 


45'  18'  Mac  A 
103    15 
128  00 

50  00   Trend  back  400  yards. 
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At  Craig  0  : — 

Trench  A  </>  Mac  A    66'  10'  Bat  A 

Pier  A  .    77    35   Trench  A 

Glen  ©  .        .      6   58   Bat  A 

Base  of  Pier  .         .    18   25   Pier  A 
At  Witch  ©  Pier  A  </>  Bat  A  :— 

Trench  A      •        •    39*  53'  Bat  A 

Bat  A  .  .      9   13   Craig  A 

At  Eagle  ©  : — 

Trench  A      •         •    ^3'  52'  Bat  A 

Bat  A  .  .    22   00   Craig  © 

58   02   Pier  A 

96  35   Witch  © 

97  30   Spire  A 
At  Tar  G)  * 

Mill  A          .  .  60**  30'  Bat  A 

Mac  A          .  .  109  02   Mill  A 

Wall  ©  .  53   30 

North  ©       .  .  75   50         „ 

<-  Daran     .  .  76   00 

-^       „         .  .  43   44 
Coastonto-^Blk.Pt.l6   45   Mac  A 
Trench  A  <^                            Coast  back  200  yards. 
At  Black  ©  :— 

Mac  A  .  113"  06'  Mill  A 

Wall  ©  .    37   42 

North  ©       .         .    72  04        „ 

— ►  Daran  <^  Wall  © 

^e-    „  .         .    75   35 

Coast  on  400  yds.  .    30   00   Mac  A 

Mill  A  .         .    34   20   Tar  © 

Coast-line. 

The  north  coast  of  Daran  Island  is  rocky,  sand  at  L.W.  drying 
out  50  yards. 

The  N.E.  Point  is  rocky,  with  a  rocky  ledge  drying  at  L.W. 
extending  100  yards  north-east  of  it. 

The  west  coast  is  rocky. 

The  highest  point  of  the  island  is  on  the  south  side,  and  forms 
part  of  the  ridge  on  which  Daran  A  is  erected. 

Between  Wall  ©  on  Daran  Island  and  N.  Base  there  is  a 
narrow  wall  of  shingle  and  stones,  awash  at  H.W. ;  this  same  wall 
continues  from  N.  Base  to  Mill  A- 

At  boat  .  .  .  N.B.  <^  Wall  ©  37'  30*  Mac  A- 

Hutch.  Point      30   20  N.B.  f  Wall. 

Mill  A  is  at  the  extremity  of  a  sharp  point  between  it  and 
Otter  ©  ;  the  coast  is  rocky,  fronted  by  stones  drying  at  L.W. 
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The  whole  space  enclosed  by — 

The   W.   side   of   Daran   Island — the  shingle    wall   joining 
Wall  ©  and  N.  Base,  the  continued  wall  between  N. 
Base  and  Mill  Ai  ^^^  the  coast  between  Mill  A  ^^'^ 
Otter  ©-r-is  a  sand-flat  dry  at  L.W.  from  1  foot  along 
the  eastern  edge  to  3  feet  in  centre  and  7  feet  along 
the  shingle  wall. 
This  sand-flat  connects  Daran  Island  to  the  main  at  L.W. 
From  Mill  ^  to   Glen    ©    the   coast  is   rocky,   forming  an 
indentation  about  400  yards  deep  from  the  line  joining  the  two 
marks ;  half-way  from  Mill  A  ^be  coast  is  fronted  by  sand  and 
stones  drying  at  100  yards,  thence  to  Glen  ©  a  dangerous  reef 
extends  out  150  yards. 

From  Glen  ©  to  Bat  ^  the  coast  is  rocky,  forming  a  continua- 
tion of  the  curve  of  the  coast  joining  Mill  and  Glen. 
There  is  a  F.S.  just  at  the  back  of  Bat  A- 
Bat  to  Craig,  and  thence  on  to  the  base  of  Pier  Ai  is  a  straight, 
rocky  coast,  fronted  by  sand  and  stones  dry  at  L.W.  100  yards, 
the  dry  portion  gradually  extending  to  within  20  yards  of  the 
end  of  the  Pier. 

Between  the  Pier  and  Witch  ©  there  is  a  township,  and  thence 
on  to  Eagle  ©  is  a  rocky  coast,  forming  a  small  bight. 

Trench  A  ^  ^^  ^^^  extremity  of  a  narrow  spit  and  joining 
£agle  ©  by  a  low  rocky  coast;  here  to  the  back  there  is 
cultivated  land.  The  conspicuous  chimney  is  on  the  east  end  of 
a  large  building. 

To  the  east  of  Trench  Point  there  is  a  sand-flat  drying  1  foot — 
with  a  red  beacon  on  east  extremity ;  its  position  is 

Wall  4r  45'  Mill  39"  38'  Bat  A- 
From  Trench  Point  to  the   eastward,  through    Tar   ©    and 
Black  ©,  the  coast  is  low  and  rocky  and  fronted  by  dry  sand 
and  stones,  and  rocks  in  places. 

From  Black  ©  to  Mac  A  there  is  a  small  bight,  all  fronted 
by  reef. 

Mac  A  is  on  the  south  extremity  of  a  narrow  spit,  and  is 
fronted  by  three  small  rocks  south-east  of  the  point,  the  outer- 
most being  80  yards  out  and  10  feet  high. 

Topography. 

(a)  Summit,  (b)  Summit,  and  (c)  Summit  are  part  of  the  same 
range,  all  covered  with  trees,  and  sloping  to  the  coast. 

Between  (6)  and  (c)  Summits  there  is  a  deep  valley,  from  which 
the  head  of  a  stream  runs  to  the  sea  at  a  point  midway  between 
Trench  A  ^^^  Tar  ©  ;  it  is  called  Barask  Bum. 

Knock  A  is  on  the  summit  of  a  high  peak,  704  feet,  gradually 
sloping  to  the  south-east  and  south-west,  (a),  (6),  and  (c)  being 
connected  to  it. 
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(d)  is  a  peak  on  the  south  shore,  bare  of  trees,  and  with  a  yerj 
gradual  slope  towards  Otter  Q. 

(e)  is  the  highest  peak  visible,  and  is  steep  on  the  south  side — 
leaving  the  land  bctw^een  it  and  Bat  A  ^^^  Craig  0,  a  marsh 
with  numerous  streams  running  into  the  sea. 

SOUNDINGS  (in  fathoms). 

I.  00  P.M.     29th  March. 

1)  North  97'  10'  Tar  <^  Trench  ...       4 
14  18  21 

2)  E.  <^  N.B.  83''  16'  Mac 21 

18  16  5J 

3)  North  </>  Wall  IV  20'  Mac    .  .1 
Is             Is 

4)  Wall  </>  E  98**  34' 3 

13  17  20 

5)  N.B.  </>  Glen  118**  20' 23 

21  18  6 

6)  Wall  69°  45'  Black J 

(d)    61    03  Black 

Is  this  a  good  fix  ? 

H 

7)  North  95'  50'  Bat  </>  Tar      .  Is 
2ii  4J  13  18  21 

8)  North  lir  30'  N.B.  </>  Glen  ...     22 
18  14  6^ 

9)  Wall  107**  00'  Mac  78"  52'  North  .         f  s 
Is  this  a  good  fix  1 

0)  Wall  </>  Mill  87"  35'  Black     ....       2 

11  18 

II.  00  P.M.     29th  March. 

Glen  <^  N.B.  82'  30' 21 

21  18 
Wall  76'  16'  Trench  </>  Tar  .  .11 

Wall  60' 00^  (tf)  </>  Tar  .         .         .  -J^  s  st 

North  77'  35'  N.B.  35'  00'  Bat     .         .         .       l| 

2f  4i  9i 
North  56'  50'  Wall  55'  50'  N.B.  .         .         .     18     - 

20  17  12 
Otter  <^  Wall  55'  40'  N.B.  47'  10'  Tar  .  If  s 

Otter  61'  50'  N.B.  32'  40'  Trench  1  s  st 

12  13 
Otter  40'  20'  N.B.  48'  20'  Trench         .         .     lOJ 

H  3J  2J 
Wall  86' 10' Bat  ^  Tar  .       IJ 
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III.  00  P.M.     29th  March, 
20)  Wall  97"  20'  Bat  «/>  Tar 

H  H  ^i 

;21)  otter  4r  00'  N.B.  58**  20'  Trench 

12  12 
;22)  Otter  68'  10'  N.B.  4r  00'  Trench 
'23)  Otter  72   30  N.B.  53   20  Trench 

;24)  Otter  41'  30'  N.B.  73"  40'  Trench 
33  3  21 

25)  N.B.  72'  00'  Trench  </>  Tar  . 

26)  Otter  IG**  10'  N.B.  88*  50'  Trench 

Ib  this  the  best  fix  ? 
2f  2J  4i 

27)  Otter  23'  10'  N.B.  102"  40'  Trench 
10  10 

'28)  Wall  105"  50'  Mill  96'  30'    . 

IV.  00  P.M.     29th  March. 

29)  Wall  94'  10'  Mill  111'  20'    . 
;30)  Otter  48'  40'  Mill  86'  10'  Bat 

[31)  Pier  <^  Trench  92'  0'  Tar 

4|2i 
'32)  North  57'  10'  N.B.  83'  00'  Bat 
'33)  North  44   30  N.B.  92   00  Bat 

2i  4J  llj 
;34)  North  68'  40'  Mill  101'  10'  . 

lOJ  lOJ  9i 
'35)  Trench  99'  10^  Wall  <^  Mill  . 
[36)  Bat  102'  00'  N.B.  13'  30'  Mac 

8^  8 J   lOJ 
;37)  Tar  64'  30'  N.B.  28'  10'  Otter     . 
Is  this  fix  good  1 

llh  llj 
'38)  Mac  59'  60'  N.B.  72'  10'  Glen      . 

V.  00  P.M.     29th  March. 

39)  Mac  51'  20'  N.B.  69'  30'  Glen       . 

lOJ  llj 
r40)  Mac  38'  50'  N.B.  107'  50'    . 

8*  H  H  H  4f 
:41)  Bat  lOr  40'  N.B.  8'  30'  Mac 
'42)  Pier  96'  30'  N.B.  19'  20'  Daran    . 
Is  this  fix  good  ? 

3  7^  9J  9J  9J 


^  s  st 


10 


2i 


12 


8 

8  St 


8J 


H 
12 

Us 

1 

1 


1 
1 

n 
If 

n 
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(43)  Mac  32'  00'  N.B.  102*  40'  Glen 

lOi  Ui  lOi 

(44)  North  23*40'  N.B.  112'  00'  Bat 

lOJ  lOJ 

(45)  Glen  72'  10'  Bat  52**  10'  Pier 

(46)  Pier  47"  10'  Trench  5r  20'  Mac 

H 

(47)  Pier  40"  00'  Trench  46**  30'  Mac 

2  2 


H 

n 


VI.  00  P.M.     29th  March. 

(48)  Pier  49*  30'  Trench  32'  40'  Mac   . 

7  8i  9J 

(49)  Pier  79°  20'  Trench  33**  40'  Mac    . 

9  10  9 

(50)  (d)  52'  00'  Bat  6V  40'  Pier  . 

(51)  (rf)44   50  Bat  66   00  Pier. 

(52)  (d)  41    10  Bat  63   30  Pier . 

4}  9  10 

(53)  (d)  58*  10'  Bat  92*  20'  Pier . 

9  9  41 

(54)  Knock  23**  20'  Trench  56'  30'  Mill 

(55)  Knock  30   30  Trench  54    20  Mill 

(56)  Knock  34   40  Trench  50   20  Mill 

6i  9  10 

(57)  Mill  73''  20'  Bat  106**  40'  Pier      . 

12  6i 

(58)  Trench  <^  Mill  57*  40'  Bat    .         . 

Line  measured  and  found  correct. 


H 

1  s  st 

1  S  St 


Is 
1  s 
1  s  st 


10 


n 


VIII.  00  A.M.     30th  March. 

(59)  Bat  62''  00'  Pier  38''  30'  Witch     . 

9  10 

(60)  Glen  69''  20'  Craig  75'  30'  Pier     . 

10  8  5J 

(61)  Pier  80"  20'  Trench  7"  20'  Mac     . 

1 

(62)  Pier  88"  30'  Trench  16"  10'  Wall . 

If  6 

(63)  Witch  81"  10'  Eagle  59"  00'  Trench 

10  8 

(64)  Bat  49"  10'  Pier  59"  00'  Witch     . 


1 
10 
2  > 
1  s  st 
9 
is 
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IX.  00  A.M.     30th  March. 

(65)  Trench  70"  40'  Pier  76"  50' .  .1 

6i2J 

(66)  Witch  95'  40'  Eagle  37'  20'  Trench  4 

(67)  Witch  80  00  Eagle  30   50  Trench  J  s 

Is  this  good  ? 

If 

(68)  Eagle  70"  00'  Pier  43"  00'  Church  Tower  ^ 

(69)  Eagle  53   40  Pier  59   30  Church  Tower  I 

(70)  Bat  68"  30'  Church  Tower  <^  Pier  9 

6J  li 

(71)  Church  Tower  77"  00'  Pier  43'  30'  Eagle  i  s 

Where  required,  state  whether  fix  is  good  or  bad,  and  suggest, 
if  necessary,  any  better  objects. 

Draw  the  1,  3,  5,  and  10  fathoms  lines. 

State  where,  in  your  opinion,  any  additional  lines  of  soundings 
are  required ;  show  the  directions  these  lines  should  take. 

Give  a  clearing  line  for  a  ship  drawing  22  feet,  to  avoid  the 
shoal  water  off  Tar  Q  ;  and  state  a  danger  angle  for  the  same 
shoal  water. 

Position  of  ships  at  anchor : — 

(d)  52"  00'  (e) 
Knock  79"  20'  Chim  54'  20'  {d) 
Is  this  fix  good  ? 
In  a  title,  state: — 

1.  Approximately  the  rise  of  springs. 

2.  What  is  the  datum  for  the  heights  shown. 

3.  The  variation. 

4.  Latitude  and  longitude  of  observation  spot. 

5.  Whether  soundings  in  feet  or  fathoms  :  and  state  what  steps 
you  would  take  to  leave  a  permanent  record  of  the  datum  to 
which  your  soundings  have  been  reduced. 

6.  Draw  a  scale  for  the  measurement  of — 

(a)  latitude  and  distance ; 
(6)  longitude ; 

and  state  the  natural  scale  of  the  chart. 

I^,B, — Attention  is  called  to  the  angle  of  slope  of  the  sea  floor 
off  Tar  Point. 

The  soundings  of  2^  fathoms  and  10  fathoms  are  ^  cable 
apart,  i.e.  100  yards.  The  bottom  then  changes  its  depth 
60  feet  -  13  feet  =  47  feet  in  a  distance  of  300  feet,  and  the  angle  of 
slope  is  about  9".  If  the  lines  of  soundings  are  1  cable  (200  yards) 
apart,  a  detached  shoal  would  have  to  be  of  that  length  so  that 
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• 
any  indications  of  it  would  be  found ;  and  it  would  suggest  that 
lines  200  yards  apart  do  not  allow  sufficient  margin,  and   that 
they  should  not  have  been  more  than  100  yards,  as  is  shown  by 
the  above. 

MAIN  TRIANGLES  (corrbctkd). 


(1) 

A  DBT 

(2) 
A  DBM 

(3) 
A  D  B  L  (Mill) 

D      15'  00' 

D      79"  24' 

D      12'  56' 

B      37   34 

B      19    14 

B      12   50 

T    127   26 

M     81    22 

L     154   14 

(4) 
ABTM 

(5) 
A  BLM 

(6) 
ABDK 

B      18*  20' 

B      32**  04' 

B      70'  23' 

T    153   04 

L    121    44 

D      50   28 

M       8   36 

M     26    12 

K      59   09 

(7) 
ABKL 

(8) 
ABKP 

(9) 
AKLP 

B      82'  56' 

B      34'  02' 

K      48'  16' 

K      31    46 

K      17   08 

L      41    26 

L      65    18 

P    128   50 

P      90   18 

(10) 
ABTL 

(11) 
ADPB 

B      50"  24' 

D      17'  02' 

T      91    21 

P      58    36 

L      38    15 

B     104    22 

and  other  necessary  triangles. 


4 


8 
1 
t 
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CHAPTER  XII. 

MBBIDIAN  DISTANCES. 

597a.  Definition. — ^Meridian  distance  is  the  distance  between 
two  meridians  measured  on  the  equator,  and  is  therefore  difference 
of  longitude;  it  is  always  given  in  hours  and  minutes:  for 
instance,  the  difference  of  longitude  being  30*,  the  meridian 
distance  is  exactly  2  hours ;  and  this  again  means,  that  the  time 
elapsed  between  the  passage  of  the  sun  over  two  meridians  being 
2  hours,  their  difference  of  longitude  is  30°. 

598.  Purpose  of  Meridiaji  Distcuice. — The  purpose  for 
which  difference  of  longitude  is  required  has  been  explained  in 
various  places  in  this  work  :  it  is,  combined  with  the  difference  of 
latitude,  to  eventually  find  the  distance  between  two  places  by 
astronomical  observations ;  for,  given  the  difference  of  latitude, 
and  meridian  distance  between  any  two  points,  the  bearing  and 
distance  from  each  other  can  be  calculated  (see  Appendix  V.,  p.  453). 

The  purpose  for  which  this  bearing  and  distance  is  required  is 
best  explained  in  Btver  Swrvey^  p.  254 ;  and  for  a  full,  comprehen- 
sive application  of  it,  see  Appendix  V.  Suffice  it  here  to  say  that 
it  is  for  the  purpose  of  checking  the  bearing  and  distance  which 
has  been  obtained  by  triangulation,  between  the  same  two  points. 

A  meridian  distance  as  a  difference  of  longitude  may  be  applied 
to  one  of  the  longitudes,  and  the  other  deduced. 

First,  the  longitude  of  some  principal  observatory  will  be 
deduced  from  that  of  Greenwich;  then  other  meridians  be 
deduced  from  the  principal  one ;  and  if  such  one  is  sufficiently  well 
fixed,  and  is  raised  to  the  dignity  of  a  secondary  meridian,  then  a 
meridian  distance  can  be  obtained  from  it  by  observations. 

599.  In  fig.  239,  let  X,  Y,  Z,  represent  the  meridians  of  three 
places  in  their  respective  positions,  as  here  shown,  east  and  west 
of  each  other.  Now  suppose  the  sun  to  be  on  the  meridian  at  X, 
then  it  is  noon  (apparent  noon)  there.  Before  reaching  the 
meridian  of  X  it  has  passed  over  that  of  Z,  and  therefore  when  it 
is   noon   at   X,  it  is  some  time  after  noon  at  Z :   suppose  it  is 
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12^  30";  and  similarly,  not  having  yet  reached  Y,  it  is  not  yet 
noon  there — let  it  be  11^  15™. 

Following  the  same  figure,  since  the  meridian  distance  or 
difiference  of  longitude  is  the  time  that  has  elapsed  between  the 
passage  of  the  sun  over  two  meridians,  then  the  meridian  distance 
between  X  and  Z  must  be  ]^  hour,  and  between  X  and  Y  |  hour, 

and  between  Z  and  Y  it  is 
Noon  U  ^our%. 

But  to  obtain  this  differ- 
ence, we  must  know  what 
the  'apparent'  time  is  at  Z 
12^30  when  it  is  noon  at  X ;  or  at 
Y  when  it  is  either  noon  at  X, 
or  12*»  30"  at  Z ;  or,  generally, 
I  we  must  know  at  any  particu- 

lar instant  what  the  apparent 
Fig.  239.  time  is  at  X  and  Y,  or  Y  and 

Z ;  or,  which  is  the  same  thing, 
the  mean  time  at  any  instant  at  any  two  places:  and  the 
difference  between  these  mean  times  of  place  (M.T.P.)  at  the  two 
places  is  the  meridian  distance,  or  difference  of  longitude. 

So  that  a  meridian  distance  is  a  difference  of  longitude.  As  a 
meridian  distance,  it  is  the  difference  in  Hime'  at  any  instant 
between  the  M.T.P.  at  two  places  (see  fig.  239  above);  it  is 
U^  15"  at  Y,  and  12*»  30"  at  Z;  and  the  meridian  distance 
between  Y  and  Z  is  I*'  15" ;  or,  what  comes  to  the  same  thing,  it  is 
the  difference  between  the  error  of  the  same  chronometer  at  two 
places  at  a  given  instant. 

600.  Poedtion  of  Places  relative  to  the  Chronometer 
Meridian. — For,  suppose  a  chronometer  keeps  exact  local 
'apparent'  time — in  other  words, 
has  a  meridian  of  its  own — its  error 
is  0**  0*"  0* ;  then  there  must  be  some 
meridian  to  which  the  chronometer 
belongs,  some  spot  where  the  chrono- 
meter could  be  placed,  and  at  noon 
there  show  0*»  0"  0». 

In  fig.  240,  let  the  wavy  line 
represent  the  position  of  such  a 
meridian.  If  the  chronometer  is 
suddenly  moved  to  another  place, 
and  it  is  slow  on    M.T.A.N.  there,  Fio.  240. 

the   meridian    of    that  place    must 

be  east  of  the  chronometer  meridian,  because,  as  is  shown 
in  fig.  239,  the  time  is  later  the  further  east  the  place  .is. 
Let  X  represent  such  a  place;  if,  again,  the  chronometer  is 
shifted  to  another  place,  and  is  fast  on   M.T.A.N.   there,  then 
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the  meridian  of  that  place  is  to  the  west  of  the  chronometer 
meridian,  as  at  Y;  and  the  meridian  distance  between  the  two 
places  is  the  difference  between  the  error  of  the  same  chron- 
ometer on  M. T.A.N,  at  the  two  places,  where  'apparent  noon'  is 
the  zero. 

If  it  is  slow  on  both  places,  the  meridian  distance  is  the 
arithmetical  difference  between  the  errors;  if  it  is  slow  at  one 
place  and  fast  at  another,  as  shown  in  fig.  240,  it  is  the  arithmetical 
sum  of  the  errors,  or  algebraic  difference;  but  the  errors  of 
chronometer  are  usually  stated  as  always  slow,  or  always  fast, 
so  that  the  meridian  distance  is  the  arithmetical  difference 
between  the  errors  of  the  same  chronometer  on  '  apparent  noon ' 
or  *  apparent  midnight '  at  two  places. 

For  time  obtained  by  transit  instruments,  the  surveyor  had 
better  refer  to  works  specially  and  wholly  devoted  to  the  subject. 

Now  observations  of  equal  altitudes  taken  with  a  sextant, 
give  the  error  of  the  chronometer  on  M.T.  apparent  noon,  or  M.T. 
apparent  midnight  (see  examples,  pp.  441,  459),  depending  upon 
whether  the  sights  are  taken  on  each  side  of  the  *  superior' 
meridian  (noon),  or  the  '  inferior '  meridian  (midnight).  One  set 
of  observations  is  by  *  superiors,'  the  other  by  *  inferiors.' 

Therefore  either  is  the  adopted  instant  or  zero;  and  if  the 
error  of  the  chronometer  is  found  at  a  place  X,  for  instance,  in 
the  above  figure,  and  if  it  were  possible  to  have  the  same  chrono- 
meter at  the  same  moment  at  Y,  then  the  difference  between  the 
errors  of  the  same  chronometer  at  the  instant  of  noon  at  both 
places,  if  the  chronometer  had  no  rate,  would  give  the  meridian 
distance  between  the  places:  for  suppose  the  chronometer  at 
noon  at  X  to  show  0^  0™ ;  if  it  was  instantaneously  placed  at  Y, 
the  sun  would  be  another  f  hour  before  it  reaches  noon  there,  and 
by  that  time  the  chronometer  will  appear  to  be  0^  45"  slow 
(supposing  it  to  have  no  rate) ;  then  the  difference,  viz.  45°*,  is  the 
meridian  distance  between  X  and  Y. 

In  one  case  the  error  of  the  chronometer  at  noon  was  0^,  in  the 
other  it  was  O'^  45™  fast ;  hence  the  meridian  distance  would  be 
the  difference  between  the  error  of  the  one  chronometer  at  two 
places,  the  zero  for  the  error  being  M.T.A.N.  (mean  time  apparent 
noon). 

We  cannot,  however,  have  the  chronometer  at  two  places  at  the 
same  time,  unless  we  could  transport  it  by  telegraph. 

601.  But  instead  of  transporting  the  chronometer  by  telegraph, 
why  not  transfer  its  time,  by  wire  or  wireless,  to  another  chrono- 
meter ;  therefore,  if  there  is  another  chronometer  at  Y,  for  instance, 
calling  the  one  at  X,  A,  and  the  one  at  Y,  B,  then  A  chronometer 
can  be  compared  with  B  chronometer,  and  the  comparison  between 
them  applied  to  B's  time ;  that  will  practically  make  the  observa- 
tions taken  with  the  two  chronometers  the  same  as  if  A  had  been 
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used  simultaneously  at  both  places;  thus,  if  the  comparison 
between  the  chronometers  is : 

by  A,  11»»  52°^  10«-2 
byB,  10   46    05-8 

1    06    04-4 

then  if  I'*  06>»  04»-4  is  added  to  B's  observed  time  it  will  be  the 
same  as  if  A  was  used  at  X  and  at  Y. 

In  transferring  A's  time  we  need  an  instantaneous  means  of 
communication  between  X  and  Y. 

The  following  simple  expedient  was  used  for  many  years  (see 
fig.  241).  Let  A  chronometer  be  at  the  meridian  of  X,  and  B  at 
the  meridian  of  Y.  The  means  here  of  communicating  between 
them   was  through  the  medium  of  rockets  fired  from  the  ship 


i. 


Fio.  241. 


(daylight  at  noon  rather  reduces  the  efficacy  of  this),  X  and  Y 
being  out  of  sight  of  each  other. 

At  the  burst  of  the  rockets,  both  observers  at  X  and  Y  took 
time  by  their  chronometers ;  this  evidently  gave  a  *  stop '  for  both 
chronometers  and  was  a  means  of  '  comparing '  the  error  of  B  on  A. 

Now  both  X  and  Y  observe  *  equal  altitudes';  resulting  in 
the  error  of  A  chronometer  on  M.T.A.N.  or  Mid.  at  X,  and  B's 
error  on  M.T.A.N.  or  Mid.  at  Y. 

If  now  the  comparison  between  A  and  B  chronometers  be 
applied  to  B's  error  of  chronometer,  the  result  will  be  the  error 
of  A  chronometer  on  both  X  and  Y  at  M.T.A.N.  or  midnight; 
and  the  difference  between  these  errors  is  the  meridian  distance 
between  X  and  Y. 

For  example,  suppose  the  error  on  M.T.A  N.  at  X  by  A  chron- 
ometer is  0^  26™  10*' 7  slow,  and  suppose  that  by  B  chronometer 
the  error  on  M.T.A.N  at  Y  is  1^  15™  47»-3  slow ;  by  applying  the 
same  comparison  as  above,  B's  time  is  1^  06™  04**4  slow  on  A 
chronometer ;  therefore  the  error  of  A  on  Y  meridian  would  be 
Ih  i6»  47*-3  (B's  error)  -  l^  06™  04*-4  (comparison)  =  0^  09™  42*-9  ; 
and  the  meridian  distance  between  X  and  Y  would  be  the  difier- 
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ence  between  A's  error  at  X  meridian  (0**  25™  10»*7)  and  its 
error  on  Y  meridian  {0^  09™  42"-9)  =  16™  17»-8. 

602.  Compcirisons  made  at  Time  of  Sights. — Now  it  will 
be  noticed  that  since  the  sun  did  not  arrive  at  Y  till  16  minutes 
after  X,  it  is  possible  that  the  observer  at  Y  did  not  begin  his 
observations  till  16  minutes  after  A  started  his. 

The  comparison  between  the  chronometers  only  holds  good  for 
the  moment  the  comparisons  were  made ;  for  suppose  the  rate  of 
A  chronometer  to  be  gaining  12  seconds  a  day,  and  B  to  be  losing 
12  seconds  a  day,  both  extreme  cases ;  the  times  by  these  chrono- 
meters are  separating  at  the  rate  of  1  second  an  hour,  and  in 
16  minutes  they  will  have  separa^d  roughly  '3  of  a  second. 

Then  the  comparison  that  will  be  required  is  at  the  time  B  was 
observing ;  and  it  should  be  found  both  immediately  before  his 
first  sight  was  taken,  and  immediately  after  his  last. 

In  the  afternoon  sights,  the  results  of  the  difference  of  rates  is 
still  more  marked ;  for  the  comparisons  then  will  have  changed 
6  seconds  from  what  they  were  in  the  forenoon ;  therefore,  again, 
the  comparisons  must  be  made  in  the  afternoon  as  well. 

The  comparison  that  may  be  made  at  noon  is  merely  a  check. 

This  is  the  case  when  A  and  B  are  two  chronometers;  but 
supposing  them  to  be  deck  watches  which  have  to  be  compared 
with  a  chronometer  on  board,  the  calculations  become  more  com- 
plicated in  order  to  bring  the  errors  of  the  watches  to  that  of  the 
one  chronometer. 

In  the  case  of  a  ship  firing  rockets,  the  distance  between  X  and 
Y  is  limited  to  the  distance  the  burst  of  the  rocket  is  visible,  and 
therefore  the  signal  is  made  from  a  spot  somewhere  midway 
between  them,  to  give  effect  to  the  greatest  distance. 

603.  Example, — Two  places  X  and  Y  are  on  the  same  parallel 
of  latitude,  60"  30'  N.     1  mile  =  605284  feet. 

At  X  the  error  of  watch  A  on  M.T.P.  is  5*»  02™  55«  slow. 
At   Y  on   same  date  the   error  of  watch   B   on    M.T.P.    is 
7*>  02™  51«-2  slow. 

By  simultaneous  signal  from  the  ship  at  about  noon  M.T. :  * — 

Time  by  B,  6^  02™  25«. 
„        A,  1^  03™  23«-2. 

Allow  personal  error  of  receiving  the  signal  in  each  case  to  be 
•5  second.  What  is  the  distance  in  feet  between  X  and  Y,  and 
what  is  their  relative  position  ] 

Time  by  A,  7*»  03™  23»-2. 
B,  5    02    25 


I 


B  2    00    58-2  slow  on  A. 


^  It  is  only  suggested  here  for  the  sake  of  the  example  that  the  comparison 
at  noon  is  the  same  as  the  comparisons  at  a.m.  ana  P.M.  sights;  for  more 
detailed  comparison  see  example,  p.  460. 
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At  Y,  error  of  B  on  M.T.P.  is  7»»  02°»  57«-2  slow 
error  of  B  slow  on  A  is  2    00    58 '2 


.-.  error  of  A  on  M.T.P.  at  Y  -  5    00    53  0 
and  observed  error  of  A  on  M.T.P.  at  X  =  5   02    550 ; 


therefore  meridian  distance  =  2  min.  02  sec. 
To  convert  this  into  arc  multiply  by  15 


diflF.  long,  between  X  and  Y  «  30'  30"  =  30-5  miles. 

Dep.  (or  distance  in  this  case,  because  X  and  Y  are  on  the  same 
parallel)  =  d.  long. .  cos  latitude 

departure  or  distance  in  miles  =  30*5 .  cos  60°  30' 

distance  in  feet   =30*5.  cos  60  30.6092-84 

log  30-5  =1482874 

log  cos  60^*  30'     -9-692339 
log  6092-84         =3-784760 


57 
3 


s-oo"--^ 
Y 


4-960033  =  91,208  feet^  prob- 
959995       able  error  ±  200 

feet.i 

-     38 


As  regards  their  relative  positions, 
Fio.  242.  C  is  the  meridian  of  the  watch  A  (in 

this  case  the  standard) ;  since  it  was 
slow  on  M.T.P.  when  at  X,  X  must  be  5*»  02™  to  the  east  of  it. 
At  Y  it  was  5*>  00*»  slow :  therefore  Y  is  west  of  X. 

604.  Comparing^  by  Telegraph. — Eliminate  the  ship  and 
rockets,  and  substitute  a  telegraph  wire,  or  the  wireless,  connect- 
ing A  direct  with  B ;  then  by  comparing  one  chronometer  with 
the  other,  by  a  series  of  '  ticks '  the  same  end  is  obtained  as  before, 
and  with  probably  better  results;  although  even  by  telegraph 
there  is  still  the  same  human  fallibility,  both  in  pressing  the 
button  of  the  transmitter,  and  in  receiving  a  *  stop,'  as  well  as  the 
time  in  travelling  over  the  wire. 

Yet  it  is  not  so  large  an  error  as  that  caused  by  the  waiting 
and  watching  and  straining  of  the  eye  while  a  watch  is  held  to 
the  ear,  or  the  ear  to  a  clock.  There  are  devices  by  which  the 
transmitter  of  a  *  stop '  actually  registers  his  signal  on  a  piece  of 
paper,  on  which  is  also  registered  the  beats  of  the  chronometer  com- 
pared ;  the  whole  thing  is  automatic,  simplified,  and  more  correct. 

^  This  example  is  only  given  as  an  illustration,  not  for  any  value  it  may 
have  as  a  means  of  finding  a  correct  distance. 
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On  p.  459  there  is  a  complete  example  of  a  telegraphic  meridian 
distance  (Appendix  VI.) : — 

Possibilities  are  further  enhanced  with  wireless  telegraphy  or 
telephony,  with  the  aid  of  which  meridian  distances  between  the 
two  ends  of  a  survey  will  easily  be  carried  out;  and  for  that 
purpose  will  supersede  the  following  methods,  where  chronometers 
have  to  be  carried  from  place  to  place. 

606.  Ccurying  Chronometers  from  Place  to  Place  for 
Meridmn  Distances. — The  next  point  considered  is  the  case 
where  there  is  neither  wire  nor  wireless  telegraphy. 

The  objective  is  the  same ;  viz.,  to  find  the  error  of  the  same 
chronometer  on  M. T.A.N,  or  midnight  on  two  places ;  but  there 
being  no  connection  between  the  places  to  enable  comparisons 
to  be  made,  the  chronometer  has  to  be  carried  from  one  place 
to  the  other;  and  since  this  will  be  a  matter  of  days  or  of  at 
least  one  day  between  the  observations,  it  will  be  necessary  to 
know  the  rate  of  the  chronometer. 

For  example,  taking  the  error  of  chronometer  on  M.T.A.N.  at 
X  as  0**  26™  10*'7  slow  on  1st  September;  and  supposing  it  to 
arrive  at  Y  two  days  afterwards,  viz.  3rd  September;  or  not 
used  there  till  then;  and  that  its  error  on  M.T.A.N.  at  Y  is 
0^  09™  50«. 

Now  this  so-called  A  chronometer  at  Y  is  practically  not  the 
same  A  as  was  used  at  X,  because  in  the  meantime  it  has  changed 
its  error  ;  it  may  be  called  A'  chronometer,  and  the  same  calcula- 
tion recurs  as  before,  to  bring  these  two  chronometers  down  to  the 
one,  and  that  one  is  usually  the  last  one  used,  or  A'. 

The  only  way  we  can  compare  A  with  A'  is  by  applying  the 
rate  of  A  to  A';  and  if  the  accumulated  rate  for  two  days  is 
applied  to  the  errors  of  A  at  X  meridian,  then  we  shall  have  the 
error  of  A'  on  X  meridian  on  the  1st  September,  and  the  error 
of  A'  on  Y  meridian  on  the  3rd  September.  But  we  have  the 
same  consideration  as  before,  that  the  sights  taken  by  A'  will  be 
taken  not  exactly  two  days  after  those  taken  by  A,  but  two  days 
±  diff.  longitude  in  time  between  the  places.  If  travelling  east 
it  will  be  - ;  and  if  west  -f ;  and  supposing  the  diff.  longitude  to 
be  1  hour  to  the  west,  then  the  rate  of  A  multiplied  by  2  days 
1  hour,  will  have  to  be  applied  to  A's  error,  to  bring  it  up  to 
A'  chronometer. 

606.  Bates  of  Chronometers. — The  next  point  will  then  be, 
What  is  the  rate  of  A  chronometer  ? 

There  are  several  separate  works  written  on  chronometers,  but 
suffice  it  here  to  say,  that  chronometers  resemble  human  beings 
in  some  respects:  their  works  are  affected  by  change  of  air  or 
temperature;  it  unsteadies  them  to  be  violently  shaken;  they 
will  not  assimilate  dirt  or  diist,  and  miist  be  attended  to  regularly ; 
and  they  may  be  erratic  in  spite  of  all  care. 
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Putting  aside  the  last  failing,  and  supposing  all  possible  care  is 
taken  of  a  chronometer,  there  still  remains  chimge  of  temperature, 
which  will  affect  the  rate ;  and  if  when  carried  about  from  place 
to  place  it  receives  a  sudden  blow  or  is  violently  shaken,  both  the 
error  and  rate  will  be  affected. 

Therefore,  as  regards  these  chronometers,  and  especially  such 
as  are  carried  on  board  a  ship,  it  is  known  that  they  may  have  a 
more  or  less  steady  rate  in  harbour,  only  affected  apparently  by 
temperature ;  and  immediately  they  are  moved  to  another  place, 
in  the  process  of  moving  they  develop  another  rate,  independent 
of  the  thermometer :  when  brought  to  rest  again,  they  may  or 
may  not  continue  the  previous  rate,  though,  if  rested  long  enough, 
they  will  probably  do  so. 

When  a  chronometer  is  moved  from  place  to  place,  the  rate  we 
want  is  that  during  this  period,  not  what  it  had  in  a  port,  or 
while  at  rest ;  and  the  problem  is  to  find  this  rate  as  accurately 
as  circumstances  permit. 

Cote  1.     (See  fig.  243.) 

Let  A  be  a  known  meridian,  i.e,  the  longitude  of  which  is 
known,  and  let  X  also  be  another  known  meridian. 

Suppose  the  error  of  the  chronometer  at  A  on  the  Ist  September 
is  found  to  be  2*>  10"  2»  slow. 


IStpt.-T-  \ 


S«pt. 


X    \ 


llSepb. 


Fio.  243. 


The  chronometer  is  now  carried  to  X,  and  on  arriving  there 
on  the  4th,  the  error  of  the  chronometer  is  found  to  be 
3h  25m  iQt  alow.  Let  the  difference  of  longitude  between  A  and 
X  be  1>»  15" 

Since  the  error  of  the  chronometer  on  A  is  2*^  10"  0»  slow,  and 
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the  difference  of  longitude  between  A  and  X  is  1^  15°^,  then  the 
error  of  the  chronometer  on  X  is  3*^  25"  ()•  slow.  On  arrival  at  X 
the  error  of  the  chronometer  on  X  is  found  to  be  3^  25"  !()•  slow. 

Therefore  the  chronometer  must  have  changed  its  error  10  sees, 
during  the  period  at  sea ;  and  since  the  ship  was  2  days  going, 
and  there  was  an  interval  of  1**  22*^  45"  between  the  observa- 
tions, then  10  divided  by  1<»  22^^  45"  (195  days)  =  the  rate  of 
the  chronometer  while  at  sea. 

It  is  proposed  to  continue  the  journey  with  the  intention  of 

running  a  meridian  distance  on  to  Y ;  then  — --  will  be  the  daily 

1  *y  0 

sea  rate  of  the  chronometer  accepted. 

Suppose  the  ship  arrives  at  Y  on  the  7th  September,  and  finds 
the  error  on  M.T.A.N.  4>  10"  13»-2. 

Then  since  the  error  on  the  4th  September  at  X  is  3**  25"  10", 

and  the  losing  rate  of  the  chronometer  was  -^-rr^  between  the  4th 
^  1-95 

and  7th,  then  on  the  7th,  3^  0^  44",  it  will  have  lost  ^^J^^}^ 

seconds  =>  10*62  seconds;  and  on  the  7th  its  error  will  be 
3>»  25"  10»+10"-62  on  M.T.P.  at  X  =  3»»  25"  20-62;  and  since 
on  the  7th  at  Y  it  was  4**  10"  13"-2,  therefore  the  meridian 
distance  between  X  and  Y  = 

4h  lom  13..2 

3    25    20-62 


0^  44"  52"-58 


and  since  the  chronometer  was  slower  at  Y  than  at  X  (see  fig.  243), 
then  Y  must  be  east  of  X. 

Of  course,  there  will  be  a  better  result  if  the  ship  or  traveller 
runs  back  to  X  again,  or  if  he  has  to  go  on  to  Z,  etc.,  with  a  con- 
tinuance of  the  same  rate,  but  eventually  does  return  to  X,  still 
travelling  with  the  same  assumed  rate. 

At  X,  the  erryr  of  the  chronometer  is  again  found,  and  applying 
it  to  the  previous  error  obtained  there,  the  rate  is  known  for  the 
whole  period ;  if  this  rate  differs  from  the  one  iised  for  the  meridian 
distance  to  Y,  Z,  etc.  (which  it  is  sure  to  do),  the  whole  thing  will 
have  to  be  re-adjusted ;  how,  depends  upon  one's  own  judgment. 

It  is  not  possible  to  state  here  definitely  how  the  aidjustments 
will  be  made,  though  consideration  will  have  to  be  given  to  the 
state  of  the  weather,  the  change  of  temperature,  and  the  perform- 
ance of  each  individual  chronometer.  The  fact  is,  the  distances 
X  to  Y,  and  Y  to  Z,  are  incorrect,  and  the  error  is  inextricably 
mixed  up  in  the  chronometer  and  the  observer. 

But  these  matters  are  mainly  connected  with  a  fully  equipped 
surveying  vessel ;  they  are  only  mentioned  here  because  the 
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subject  of  this  fonn  of  meridian  distance  would  be  incomplete 
without  such  an  explanation. 

Again,  if  the  ship  is  detained  for  a  day  or  two  at  any  one  place 
the  whole  subject  becomes  still  more  complicated  ;  because  in  the 
total  error,  a  harbour  error  is  mixed  up  with  a  sea  error.  (See 
Case  3,  p.  427.) 

607.  The  following  simple  example,  if  followed  out,  will  explain 
the  subject : — 

On  the  10th  January. 

At  A,  long.  !•  5'  54'  W.     Chron.  2^  03"  45-6  slow  on  M.T.A.N. 

On  the  14th  January. 

At  X,  long,  le**  53'  54"  W.     Chron.  \^  00°>  54-4  slow  on  M.T.A.N. 

1.  Required  the  sea  rate  of  the  chronometer. 

Long.  A    r05'54'W. 
„     X  16   53  54  W. 


diff.  long.  15   48  00  =  1>»  03°»  12«. 

Error  chron.  at  A  2^  03"  45-6  slow  on  10th  January, 
diff.  long.  1    03    12  W. 

error  chron.  on  X  1    00    33*6  slow  on  10th  January 
and  error  on  X  is  1    00    54 '4  slow  on  14th  January 

change  of  error  0   00    20-8 

The  time  elapsed  from  A  to  X  is  4  days  1  hour  =  4*04  days ; 
and  since  the  error  changed  20*8  seconds,  therefore 

20*8 
rate  of  chron.  at  sea=  -t-tz-m  =5*015  losing. 

4  04  ^ 

The  ship  then  proceeded  first  to  Y,  next  to  Z,  and  then  on  to  J. 

At  Y,  18th  January,  error  found  ll*'  35°»  32-8  slow. 
„  Z,  20th        „  „         „     11    14    56*2 

„  J,  23rd        „  „        „     11    45    1^*7 

Finally  returning  to  X  on  2nd  February. 

At  X,  2nd  February,  error  found,  1^  01"  23-6  slow. 

2.  Required  the  meridian  distance  between  each  place. 

Error,  14th  January,  at  X,  I'*  00"  54-4 
„     2nd  February,  at  X,  1    01     29*6 


change  of  error  for  whole  period  0      1     35*2  in  19  days. 

95*2 
Therefore  rate  while  travelling  =  —^  =  5*01  losing,  and  this 

agrees  with  the  previous  rate  found  in  another  way. 
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Error,  14th  January,  at  X,    l^  00°»  54«-4  slow. 
Interval  of  time  from  14th  to  18th  January 
travelling  westward « 4^  1*»  25";  rate  per 
day,  5-01  losing. 

.-.  4-05  days  x  501  =  amount  lost  =     0   00  20'3 

error  on  18th  at  X    1    01  147  slow 

„  „        Y  11    35  32-8  slow 

meridian  distance,  X  to  Y    1    25  41*9 

Error  on  18th  at  Y  11^  35"  32«-8  slow. 
Interval  of  time  from    18th   to  20th   going 
westward  =  2<*  0^  20"  =^2*001. 

.-.  2-001  X  501  =  amount  lo8t=     0   00  102 

error  20th  at  yTi    35  428 

„     Z  11    14  56  2 

meridian  distance  Y  to  Z    0    20  46  6 

Error  20th  at  Z  11>»  14"  56«-2  slow. 
Interval  of  time  from  20th  to  23rd  going  east- 
ward ==  3<i  -  0^  30"  =  2^  23»>  30"  =  2*99  days 

x5-01=  0     0  14-98 

error  23rd  at  Z  11    15  1M8  slow 

„     J  11    45  15-7      „ 

meridian  distance  between  Z  and  J    0    30  04*5 


11-45 


Chro. 
MerO 


■-i 


13-oT"--  .. 


11-14 


/ 


.23  Jan. 


\ 


'*J^ 


11-35 


-20jVfr>        t/ 


2L  2  Feb. 
14  Jan 


•16  Jan. 


Fia.  244. 


Since  the  chronometer  was  13^  01"  slow  on  X,  and  11*»  35" 
slow  on  Y,  therefore  Y  is  west  of  X. 
Similarly,  Z  is  west  of  X,  and  so  is  J. 
By  a  simUar  analysis,  Z  is  west  of  Y,  but  J  is  east  of  Z  and  of  Y. 
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Ca9e  2. 

Suppose  now  we  have  not  a  handy  '  back  meridian,'  such  as  A, 
wherewith  to  find  a  sea  or  moving  rate. 

The  simplest  thing  that  suggests  itself  is  that  the  chronometer 
should  be  taken  out  for  a  ^  trot ' ;  and,  leaving  X,  the  ship  goes 
to  sea  for  a  few  days  and  returns  again.  The  difference  between 
the  errors  obtained  just  before  leaving,  and  immediately  on  return, 
divided  by  the  number  of  days  away,  would  give  the  sea  rate. 

But  why  not  apply  this  to  some  useful  end  1  Therefore,  on  this 
trial  trip,  why  not  go  as  far  as  Y  and  call  there,  staying  just 
sufficiently  long  to  take  observations  for  error?  (see  fig.  245). 


7Sepb. 


Fig.  245. 


The  chronometer  itself  will  not  be  landed,  but  will  not  have  time 
to  recover  from  its  journey. 

So  observations  are  taken  at  Y  on  the  7th,  and  the  ship  returns 
immediately  to  X,  and  again  finds  the  error  at  X.  As  before,  the 
difference  of  the  errors  at  X  divided  by  6  days  (3  days  going  and 
3  days  returning)  =  rate  of  chronometer  while  at  sea.  Then  repeat 
the  calculations  as  before  given. 

If  3  days  of  this  rate  is  applied  to  the  error  at  X  on  the  4th, 
it  will  give  what  the  error  would  have  been  there  on  the  7th ;  and 
since  the  error  was  found  at  Y  on  the  7th,  the  difference  between 
these  two  errors  on  the  same  date  at  the  two  places  gives  the 
meridian  distance  from  X  to  Y. 

Failing  the  telegraph  meridian  distance,  a  number  of  results 
obtained  by  this  means  is  the  most  accurate  method,  where 
chronometers  are  carried  from  place  to  place. 

Example  of  C<ue  2. — This  is  a  very  simple  case.  Three 
chronometers  will  be  employed  :  at  X,  chronometers  all  fast. 


A. 


B. 
11»»  12°»  23-4 
11    12    23-4 


1  May  5»»  53°»  42-1 
i6JMay5    54     127 

At  Y,  all  chronometers  fast. 

4  May  3**  54™  01«1     |       9*»  12°»  25"-9 


C. 
1^  00"  00"-2 
0   59    19-5 


ltf»  59"  56-7 


^  This  means  that  the  error  was  obtained  by  '  inferiors/  uc.  at  midnight 
on  the  6th. 
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Required  the  meridian  distance  between  X  and  Y. 


A. 


1  May  5^  53°»  42"1 
6|May  5    54     12*7 

change  in  5|  days  0     0    30*6 
rate  per  day    5*-564  gaining 


B. 
11*^  12°»  23-4 
11    12    23-4 


0     0 
0 


0-0 


C. 
1*>  00"  00"-2 
0   59    19-5 


0     0    40-7 
7*'4  losing. 


Interval  of  time  from  departure  from  X,  1  May  to  4  May,  date 
of  arrival  at  Y,  3  days -2  hours « 2  days  22  hours  =  2917  days 
(travelling  cajstward  from  X  to  Y). 

A. 
days     2-917 
rate    5-564 


total  change  16^*22  gained 

A. 

Error  1  May  5  53  42*1    fast 
change  in  2-917  days  0  00  16-22  gained 


at  X,  error  4  MUy  5  53  583 
atY,      „         „      3  54  0M 


B. 

2-917 

0 

C. 
2-917 
7-4 

0 

21-58  lost. 

B. 

h     m       ■ 

11  12  23-4 
no  change 

C. 

h    m       ■ 

1  00  00-2 

0  00  21-6  lost 

11  12  23-4 
9  12  25-9 

0  59  38-6 
10  59  56-7 

1  59  57-5 

1  59  41-9 

meridian  distance  1  59  57*2 


M.D.  by  A  l^*  59"  57-2 
Bl    59    57-5 

CI    59    41*9  (discarded,  something  gone  wrong 

with  C  chronometer). 


mean  of  A  and  B  1    59    573 

Therefore  Y  is  east  of  X  (fig.  246). 


V?.? ^Chr. 


V"""     y»   i 
V        i 


Fig.  246. 


Caw  3. 

It  may  occur,  and  in  a  number  of  cases  does  arise,  that  on 
arrival  at  Y,  there  are  impediments  in  the  way  of  taking  observa- 
tions for  equal  altitudes.  Either  there  is  no  sun,  or  it  fails  in  the 
second  half  of  the  sights,  and  the  ship  may  be  detained  at  Y  for 


428 


ttYDROGRAPHiC  SURVEYING. 


a  few  days  (see  example  of  equal  altitudes  taken  part  one  day 
and  part  on  another  day,  pp.  385,  441).  If  this  occurs,  the  contin- 
uity of  the  sea  rate  is  interfered  with  by  a  compulsory  detention 
in  the  harbour,  and  the  introduction  of  a  harbour  rate.  Fig.  247 
graphically  shows  the  course  of  events.  An  error  was  taken  at  X 
on  the  4th  September ;  the  ship  proceeded  to  Y,  arriving  there  on 
the  7th;  was  detained  there  till  the  11th,  obtained  an  error  on 
that  day,  and  returned  to  X  in  time  for  observations  on  the  16th. 


4  Sept 


16  Sept 


Fio.  247. 


14.  th 


30 


th 


Now  the  difference  between  the  error  at  X  on  the  4th,  and  the 
error  at  X  on  the  16th,  is  the  total  change  of  the  error  of  the 
chronometer  between  these  dates. 

During  part  of  the  time  from  the  4th  to  the  7th,  and  from  the 
11th  to  the  16th,  the  vessel  was  at  sea;  while  for  the  period 
between  the  7th  and  11th  she  was  in  harbour. 

If,  from  the  total  error,  we  exclude  the  amount  of  this  harbour 
error,  what  remains  can  be  said  to  belong  to  the  sea  error. 

There  is  absolutely  nothing  to 
guide  us,  as  to  what  proportion 
of  this  error  belongs  to  the  3  days 
going,  and  what  to  the  5  days 
returning,  except  it  be  in  the  ratio 
of  the  number  of  days. 

One  thing  may  suggest  if  any- 
thing has  gone  very  wrong,  and 
that    is    the   difference   between 
the  rate  for  the  total  period,  as 
compared  with  the  rate  at  Y ;  but  that  is  all  it  can  suggest. 

Then  this  remainder  of  error  while  at  sea  is  divided  by  8,  and 
the  sea  rate  assumed  to  be  the  same  both  going  and  coming :  this, 
in  contradistinction  to  Cases  1  and  2,  is  called  a  travelling  rate. 

The  result  has  a  value  as  compared  with  Case  1,  and  also  as 
compared  with  Case  4  which  follows. 

Example  of  Case  3. — At  X  (fig.  248)  the  following  chronometers 
were  slow  on  M. T.A.N. : — 


Total  change 


^Harbour  change 
6*Sf»(4days) 


FiO.  248. 
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14th  March  .... 
Arrived  at  Y  on  22nd  March . 
Remained  here  till  26th  March 
Then  returned  to  X  30th  March 


Error  at  X,  14th    . 
„        X,  30th   . 

Total  change  (16  days) 


Error  at  Y,  22nd  . 
„        Y,  26th  . 


Change  in  harbour  (4  days)   . 

.'.  change  at  sea  =  total  -  harbour  = 

Time  at  sea,  going,  is     . 

returning,  is       . 


*) 


)9 


Total  time  at  sea  . 


A. 
h    m     ■ 

8  13     9 

B. 

h      m     ■ 

10  21  53 

8  48  47 

10  57  15 

8  48  53 

10  57  17 

8  14  07 

10  22  25 

h    m     ■ 

8  13  19 

h    .  m     ■ 

10  21  53 

8  14  07 

10  22  25 

lost  48 

lost  32 

8  48  47 

10  57  15 

8  48  53 

10  57  17 

lost  6 

lost  2 

=  lost  42 

lost  30 

.     7-91 
.     409 

days. 

.  12-00 

days 

42 


.'.  rate  at  sea  A  chronometer  is  assumed  to  be  —  =  3'-5  losing. 


» 


it 


B 


>» 


}) 


"     12""^'^  ^^^°^* 


A. 


Error,  14th  8*»  13"*  19« 
7-91  days'  rate  0   00    27*7  lost 

error  22nd  at  X  8    13    46-7 
„       Y8    48    47 


meridian  dist  0    35    00*3 


B. 
10»>  21°»  53» 
7-91  days'rate  00   00     19-8  lost 


22nd  at  X  10   22     13-8 
„       YIO    57     15 


M.D.    0    35    02-2 


Mean  result^  meridian  distance  35"*  01"'25.     Y  is  east  of  X. 

An  analysis  of  the  performance  of  the  chronometers  shows  that 
the  rate  of  A  for  the  whole  time  was  3''5  losing,  while  its  rate  in 
harbour  at  Y  was  l'*5.  For  B,  the  total  rate  was  2"*5  losing, 
while  the  rate  in  harbour  Y  was  '5\ 

The  chronometer  was  8  days  on  its  journey  from  X  to  Y  and 
only  4  days  returning ;  the  cause  of  the  longer  journey  probably 
being  bad  weather,  which  affected  both  chronometers  equally. 

There  are  so  many  possibilities,  that  no  attempt  will  be  made 
to  disentangle  them.  The  meridian  distance  is  not  a  good  one — 
that  is  the  conclusion. 
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Cote  4. 

The  last  case  is  a  still  further  modification  of  Cases  2  and  3. 
The  following  diagrams  (figs.  249-251)  illustrate  all  three ;  the 
numbers  attached  show  the  order  of  taking  the  errors. 

Y 
X  Y 


I 

X 


2(a) 


Fio.  240. 


Fio.  260. 


1(a) 
Kb) 


3(a) 
3(b). 


^ 


In  Case  4,  a  harbour  rate  is  obtained  from  sights  1  (a)  and  1  (d) 
at  X  (fig.  251) :  the  chronometers  are  then  transported  to  Y,  and 
sights  2  and  2  (a)  are  obtained. 

On  returning  again  to  X,  the  errors  3  (a)  and  3  (6)  are  found. 

The    harbour   rates    then, 
between  each  set  of  sights, 
are  obtained  at  both  places 
X  and  Y. 
"2  Shad  well,     On     Chrono- 

—  2  (a)     «*«*^*>  states  that,  "observ- 
ing for  harbour  rates,  the 
time  elapsed  between  the 
observations      for      errors 
should  be  between  4  and  7 
days";    and    there    is    a 
greater  element  of  accuracy, 
if  the  time  elapsed  between 
these   observations    is    the 
same  at  both  places. 
What  we  have  to  rely  on  is  a  harbour  rate  at  X  to  start  with  ; 
the  rate  between  observations  1  (a)  and  1  (b)  ;  and  another  harbour 
rate  on  arrival  at  Y  between  2  and  2  (a). 

From  these  foundations,  the  only  workable  assumption  is,  that 
the  chronometer  gradually  changed  its  rate  from  the  harbour 
rate  at  X  to  the  harbour  rate  at  Y ;  and  therefore  the  mean  of 
those  two  rates  is  adopted  as  the  sea  rate. 

There  will  be  two  results  obtained  by  this  means,  the  one  going 
(1  to  2),  and  the  other  returning  (2  to  3) ;  and  each  may  have  a 
better  value  than  the  other,  depending  upon  the  conditions  of 
travel ;  for  there  might  have  been  a  fair  wind  and  smooth  sea, 
and  an  equable  temperature  in  the  one  case,  and  the  contrary 
in  the  other. 

It  should  be  noticed  that,  besides  these  two  meridian  distances 


Fig.  251. 
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calculated  by  the  mean  of  harbour  rates,  there  is  sandwiched  in  be- 
tween them  an  independent  meridian  distance,  which,  commencing 
at  1  (5),  goes  to  2,  then  to  2  (a),  and  returns  to  3  (a).  It  is,  in 
fact,  Case  3.  So  that  we  have  three  meridian  distances,  and  each 
of  the  three  will  have  a  separate  value  (see  following  Example), 

Example  of  Case  4. — At  a  place  X,  the  chronometer  was  slow 
on  G.M.T,  by  time-ball : 

15th  June,  0>»  47»  45*-8  (1  (a) ) 
20th    „      0   47    44-6  (1(5)) 

At  Y,  by  equal  altitudes,  the  error  of  the  chronometer  was  slow 
on  M.T.P. : 

22rd  June,  0^  08°»  27«-2  (2) 
28th     „      0    03    26-0  (2(a)) 

On  returning  to  X,  the  error  of  the  chronometer  on  G.M.T.  by 
time-ball  was : 

3rd  July,  0»>  47"  24«'6  (3  (a)  ) 
8th     „     0    47    25-8  (3(6)) 

Deduce  the  longitude  of  Y : 

(a)  by  mean  rates ; 
(6)  by  travelling  rates. 

Discuss  which  of  the  two  you  consider  of  greater  value,  and  in 
finding  the  longitude  of  Y,  give  a  value  for  the  results  obtained 
by  each  method. 

First,  the  relative  positions  or  the   meridians  had   better  be 
explained.     The  wavy  line  is  the  meridian  of  the  chronometer ; 
and  since  it  is   slow  on  G.M.T. 
the    meridian    of    Greenwich    is  Chro. 

Qh  47111  to  the  east  of  it. 

The  chronometer  is  also  slow 
on  Y,  0^  08".  Therefore  the  x 
meridian  of  Y  is  to  the  east  of  the 
chronometer  meridian,  and  to  the 
west  of  Greenwich ;  and  the  longi- 
tude of  Y  is  the  meridian  dis- 
tance G.Y.  Fio.  252. 

Where  X  is  does  not  matter; 
it  may  be  at  any  of  the  positions  shown  in  the  diagram  :  but  since 
we  require  it,  to  know  whether  the  chronometer  in  going  to  Y  is 
travelling  east  or  west,  assume  it  to  be  somewhere  between  C  and  Y. 

15th  June,  O**  47"  45-8  (1  (a) ) 
20th     „      0    47    44-6  (1(6)) 


Greenwich 


5|l-2 


harbour  rate  =  '24  gaining. 
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Now  this  harbour  rate  does  not  belong  to  the  15th  nor  to  the 
20th,  but  to  the  middle  date,  i.e.  17^  June;  and  the  error  on 
the  17^  June  is  the  mean  between  that  on  the  15th  and  20th  = 
(fix  47m  458-2.  Therefore  at  X,  error  17J  June  is  0^  47™  45»-2 ; 
rate  =  '24  gaining. 

At  Y,  23rd  June,  0^  08°»  27«-2  slow  (2) 

28th     „     0   08    26-8  slow  (2 (a)) 

5|l-2 
harbour  rate  »  *24  gaining. 

For  the  same  reason  as  above,  therefore,  error  on  25}  June 
=  0*»  08"  26»-6,  and  the  rate  is  •24«  gaining. 

It  has  to  be  assumed  that  the  rate  of  the  chronometer  gradually 
changed  from  its  rate  at  X  to  its  rate  at  Y.  Since  in  this  case 
they  are  the  same,  then  the  sea  rate  adopted  must  be  *24'  gaining, 
i.e.  the  mean  of  the  two. 

Then  error  at  X  17}  June  0^  47"  45"-2  slow 
8  days'  rate,  neglecting  the  odd  minutes  0   00     19*2  gaining 

error  at  X  25}  June  =  0    47     26-0  (C  to  G) 
„      „  Y25|     „     -0   08    26-6  (C  to  Y) 

(1)  .         .         .         .      mer.  dist.  =0    39    59-4  (G  to  Y) 

3rd  July,  at  X  =  0*»  47"  24-6  slow  (3  (a) ) 
8th    „        „    =0   47    25-8  slow  (3 (6)) 

5|1  *2    losing 
harbour  rate  ==  "24  losing. 

Error  on  5}  July  at  X,  0*>  47"  25»-2 ;  rate,  •24»  losing. 
At  Y,  the  harbour  rate  on  25}  June  was  '24*  gaining.     There- 
fore the  mean  rate  between  these  dates  is  0. 

The  error  on  25}  June  at  Y  is  0^  08"  26»-6 
change  to  5th  July  0    00    00 

.-.  error  on  5}  July  at  Y  =  0    08    26  6  (C  to  Y) 
„       5|       „      X  =  0   47    25-2  (C  to  G) 

(2)  .         .         .         .      M.D.=0    39    58-6 

The  third  result  obtained  is  by  travelling  rates  (see  Case  3). 


X. 

20th  June  0»»  47"  44-6  (1(^»)) 
3rd  July  0  47    24-6  (3  (a) ) 


total  error  =  20  gained. 


Y. 
23rd  June  0^  08"  27-2  slow  (2) 
28th  June  0   08    26*0  slow (2 (a)) 

harbour  error  =1*2  gained. 
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Therefore  the  chronometer  must  have  gained  18**8  while  at  sea 

from  the  20th  to  23rd  June  +  from  28th  June  to  3rd  July  »  8  days ; 

18*8 
and  the  sea  rate  or  travelling  rate  will  be  — -—  s  2**35  gaining, 

o 

Error  on  2ath  June  =  0*»  47"»  24**6 

3  days' rate  =  0   00      7*05  gained 


error  23rd  at  X  =  0  47     16*55  (C  to  G) 

„     Y-0  08    27*2     (CtoY) 

(3)         .         .         .  M.D.  0  39    49*35 

Result  by  (1)  .     39"»  59**4 

(2)         .         .     39    58*6 
„        (3)        .         .     39    49-35 

Referring  to  fig.  251  (Case  4) : 

From  1  (a)  to  1  (b)  the  rate  of  the  chronometer  was  *24  gaining. 
„      2        „  2  (a)       „  „    *         „  „     -24  gaining. 

„      3  (a)  „  3  {b)       „  „  „  „     *24  losing. 


Also  from  1  (6)  to  2  occupied  3  days,  while  from  2  (a)  to  3  (a) 
occupied  5  days. 

It  is  probable  then  that  bad  weather  influenced  the  rate  from 
2  (a)  to  3  (a),  and  therefore  that  the  rate  used  between  these  two 
is  not  so  reliable  as  that  from  1  (6)  to  2 ;  and  only  an  erratic 
rate  from  3  (a)  to  3  (b)  gave  the  meridian  distance  near  to  renUt  (1). 

From  1  (5)  to  3  (a)  the  chronometer  showed  a  change  of  20*  in 
14  days  =1**33  gaining,  whereas  its  previous  rate  from  1(a)  to 
1  (6)  was  only  *24* ;  showing  again  that  it  was  from  2(a)  to  3  (a) 
that  the  mischief  occurred. 

It  is  probable,  then,  that  result  (1)  has  a  far  greater  value  than 
either  of  the  others :  restUt  (2)  might  be  expunged,  and  renUt  (3) 
might  have  ^  of  the  value  of  (1). 

Hence,  giving  result  (1)  three  values  =  3  x  39»  59*4  =  1 19"»  59**2 
„      rc<W^  (3)  one  value     =       39  49*35-   39    49*35 

4|159    48*55 
accepted  result  =  39    57*14 

I^.B. — Result  (3)  is  retained,  because  there  is  a  remote  possi- 
bility that  some  of  the  error  might  have  crept  in  while  at  Y. 

As  a  meridian  distance,  it  is  unsatisfactory,  and  would  be  listed 
with  those  perhaps  derived  at  some  future  period,  and  then  again 
given  a  value:   and,  moreover,  errors  obtained  in  the  one  case 

28 


434  HTDROQRAPHIC  SURVEYING. 

by  time-ball,  and  in  the  other  by  observations,  will,  on  account  of 
the  different  form  of  error  in  each,  considerably  reduce  the  value 
as  a  meridian  distance. 

The  mer.  dist.  between  Greenwich  and  Y  being  0^  39™  57"14, 
the  longitude  of  Y  is  0»»  SQ""  57«-14  =  9'*  59'  IT'^  W. 

Where  a  number  of  chronometers  are  used,  they  will  not 
necessarily  be  all  affected  in  the  same  manner,  and  the  perform- 
ance of  each  will  be  analysed  in  the  same  way  as  above,  and  they 
in  turn  will  be  given  a  value  in  the  general  mean. 

In  all  the  examples  given,  it  must  be  understood  that  the 
errors  are  found  by  *  equal  altitudes,'  superiors  or  inferiors ;  and 
therefore  in  each  case  the  zero  is  M.T.A.N  or  midnight  precisely. 
The  error  of  chronometer  may  be  found  by  the  *  mean  of  absolutes ' 
of  very  nearly  equal  altitudes,  though  calculated  in  a  different 
manner:  (see  Example^  p.  443).  This  would  suffice,  providing 
the  altitude  at  the  second  half  of  the  observations  is  taken  within 
a  quarter  of  an  hour  of  the  time  that  the  equal  altitude  has 
passed,  and  also  that  the  rate  of  the  chronometer  is  known 
exactly,  for  the  purpose  of  bringing  up  the  error  to  that  it  will 
have  at  apparent  noon  at  both  places.  This  involves  a  further 
calculation  (see  p.  39,  par.  115) :  it  is  not  recommended. 

It  should  not  be  forgotten  that  the  meridian  distance  required 
is  not  for  finding  an  absolute  longitude,  but  for  a  distance  in  so 
many  feet ;  and  that,  for  instance,  *1  sec.  in  error  in  lat.  30**  = 
200  feet. 

608.  Comparing  Chronometers. — Most  chronometers  beat 
^  seconds ;  but  some  of  the  earlier  type  still  in  use  beat  5  times 
in  2  seconds:  starting  from  an  even  second  the  fractions  are 
•4,  '8,  1*2,  1*6,  0.  When  comparing  these  two  types  of  chron- 
ometers with  each  other,  there  will  be  found,  during  any  two 
seconds,  a  beat  which  is  simultaneous  on  both.  The  synchron- 
isation is  easily  distinguished,  and  the  reading  at  the  instant  is 
a^ertained  in  the  following  manner.  Repeating  4,  8,  2,  6,  0,  the 
audible  ticks  of  the  one,  the  eye  watches  the  beats  on  the  other, 
while  the  ear  detects  the  tick  on  which  both  synchronise. 
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APPENDIX  I. 


'Parallax'  in  a  Sextant,  and  Position  of  the  Reobivino 

Angle  with  Consequent  Error. 

Let   H  be  the  horizon  glass,  and  I  the  index  glass;  E  is  the 
position  of  the  eye  at  the  end  of  the  long  telescope. 

R  is  the  right  object,  whose  reflection  enters  the  glass  at  I,  is 
reflected  to  H,  and  thence  to  the  eye  at  E.  Join  R  I,  and  produce 
it  to  meet  H  E  at  0. 


Then  R  E  L  is  the  observed  angle ;  and  R  0  L  =  true  angle. 
ROL  =  REL  +  ORE.  .-.  ORE  =  the  errorin  the  angle  REL, 
at  a  distance  R  E. 

If  R  is  at  R",  R'l  E  =  180%  i.e.  R°,  I,  E  are  in  one  line,  and  the 
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error  vanishes ;  and  if  R  is  at  R',  where  R'l  E  =  90*,  the  error  is 
a  maximum. 

In  most  sextants  H  I  =  35  inches ;  I  H  E  =  30^  and  I  E  H  «  15% 
when  the  long  telescope  is  used. 

If  R'l  E  =  90%  E 1 0'  =  90%  and  I  O'E  «  90'  -  15'  =  75'. 

Therefore  I  O'L  - 180*  -  75*  =  105\ 

Hence  the  error  is  a  minimum  when  R  E  L«  15% 

and  a  maximum  when  R  O'L  =  105*". 

The  amount  of  the  error  will  vary  as  the  distance,  and  for  any 
,    EI     sin  ERO  sin  ERO 

*^^  ®  RI  "■  sin  REI  "sin  (REL- 15') ' 

(1)       .        .-.     8inER0  =  ^  =  sin(REL-15'*), 

EIsinEHI     sinSO'* 
HI     sinIEH""sinl5'' 
T.J     XT  T  Bin  30'     3-5  sin  30' 
sm  15         sin  15 
and  substituting  the  value  of  E I  in  equation  (1), 

then  sin  E  R  0  =  ^ t  ^!"  ??!  sin  (R  E  L  -  15'). 

RI  sin  15'        ^  ^ 

In  the  case  of  the  maximum  angle  105',  for  a  distance  of 
100  yards,  R I  =  100  yards  =  3600  inches ; 

log3*-5=   -544068  log  3600  =  3  556302 

log  sin  30'  =  9-698970  sin  15'  =  9412996 


•243038  2-969298 

log  sin  =  2-969298 


7-273740 

=  6'  27% 

Hence  for  a  distance  of  100  yards,  when  the  observed  angle  is 

105',  the  error  in  the  angle  is  6'  27*. 

The  error  will  vary  inversely  as  the  distance,  and  at  3800  yards 

6'  27" 
would  B  s  10"  nearly. 

Therefore,  at  an  angle  of  105',  the  object  R  should  not  be  less 
than  nearly  2  miles. 

For  any  angle  at  100  yards,  the  error  will  be  6'  27"  x  sin 
(angle-  15') :  if,  as  in  taking  index  errors,  the  angle  is  0',  then 
error  at  100  yards  =  6'  27"  sin  15'. 

(Note  the  —  sign  disappears,  because  the  position  of  the 
receiving  angle  is  then  at  L  along  the  line  E  H  produced ;  hence 
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the  error  of  parallax,  i.e,  the  distance  between   the  glasses,  is 
evidently  the  source  of  the  error.) 

=  6'  27" .  -26 

=  6-45'.-26  =  r-68«r40\ 
So  that  this  error  shall  ==  10",  the  distance  muBt  be  1000  yards. 

Then  at  1000  yards,  error  =  1^'  =  10". 

Therefore,  to  find  index  error,  the  object  should  never  be  less 
than  1000  yards  or  ^  mile. 

The  further  fact  is  deduced,  that  a  sextant  cannot  be  used  to 
determine  accurately  the  three  angles  of  a  triangle  so  that  their 
sum  shall  equal  180"*,  unless  the  point  0  is  placed  exactly  at 
each  point  of  the  triangle ;  and  this  is  impracticable ;  also  that 
the  distance  of  the  objects  should  not  be  within  the  distance  of 
the  maximum  error  shown,  i,e.  3800  yards,  or  roughly  2  miles. 

GOBBSOTIONS  FOR  PaKALLAX  IN  AkgLBS  MEASUBXD  WITH  SeXTANT 

WHBN  178INO  THE  LONO  TXLBSCOPK. 

Applicable  where  the  meaturemetUs  o/disUmces  are  concerned. 


Distance  in  yards. 

Angle 
observed. 

100 

200 

800 

• 

400 

600 

600 

700 

800 

900 

1000 

1100 

1200 

'Off'  the  arc 

/      m 

t     a 

^'    • 

#     « 

/      u 

#    « 

/    ti 

/    • 

/    « 

t    « 

/    « 

/      a 

6* 

2  12 

106 

0  44 

0  83 

0  26 

0  22 

0  19 

0  17 

016 

0  13 

0  12 

Oil 

0 

140 

0  60 

0  38 

0  26 

0  20 

0  17 

0  14 

012 

Oil 

0  10 

•On'  arc 

6* 

1  07    0  88 

0  22 

0  17 

018 

Oil 

0  09 

10 

0  84  '  0  17 

Oil 

1 

+  toa 

ngles 

above 

this 

line 

16 

n  Art     .    .  .. 

1 

1 
1 

~   it 

II 

below 

II 

II 

20 

0  84  !  0  17 

Oil 

80 

1  40    0  60 

0  88 

0  26 

0  20 

0  16 

014 

0  12 

Oil 

0  10 

40 

2  44  1 1  22 

0  66 

0  41 

0  88 

0  27 

0  28 

0  20    0  18 

016 

0  16 

0  14 

60 

3  42 

161 

114 

0  66 

0  44 

0  87 

0  81 

0  28 

0  26 

0  22 

0  20 

0  18 

60 

4  84    2 17 

181 

108 

0  66 

0  46 

0  89 

0  84 

0  80 
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0  26 

0  23 

70 

6  17  1  2  88 

146 

119 
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0  63 
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0  89 

0  86 

0  82 

0  29 

0  26 

80 

6  61    2  66 
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127 

110 

0  68 

0  60 

0  44 
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0  86 

0  32 
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90 

6  14 

8  07 

2  06 

188 

1  16 
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0  68 

0  47 

0  42 

0  37 

0  84 

0  81 

100 

6  26 

818 

2  00 

186 

117 

1  04 

0  66 

0  48 

0  48 

0  89 

0  86 

0  82 

106 
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6  27 
6  26 

Ma 

8  18 

xima 
2  00 

Tn  «•_ 

lu    "■'" 
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117 

1  04 

0  66 

0  48 

0  48 

0  89 

0  86 
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120 

6  14 

8  07 

2  06 

188 

116 

1  02 

0  68 

0  47 

0  42 

0  87 

0  84 

0  81 
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6  61 

2  66 
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110 

0  68 

0  60 

0  44 

0  89 

0  86 

0  82 

0  29 
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6  17 

2  88 
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0  68 
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0  89 
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0  82 

0  29 
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1 

Oorreotion  to  reading  is  f  to  angles  less  than  16*. 

above  16^ 


i> 


i« 
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APPENDIX  11. 

Supposing  an  error  of  position,  it  is  required  to  project  a  line  of 
reference  to  an  object.     Which  is  the  best  zero  to  select  ? 

Let  0  be  the  true  position  of  an  observer.  Let  the  shaded 
circle  represent  the  area  of  erroneous  positions  anywhere  on  the 
circumference  of  which  the  observer  supposes  himself  to  be. 
Due  to  an  erroneous  *  fix,'  or  to  drift  between  the  time  of  *  fixing ' 
and  *  shooting  up '  an  object,  he  supposes  himself  at  0',  whereas 
he  is  at  0. 


2' 


Fio.  254. 

Let  yy  be  a  line  of  reference  already  projected  through  X. 

It  is  required  to  determine  what  is  the  best  zero  to  use,  from 
which  to  project  another  line  of  reference  to  fix  the  position  of  X. 

First  CcMC— Assume  the  particular  case,  0'  in  the  direction  of 
X,  to  be  the  supposed  position. 

Let  Z  be  a  zero  selected. 

Z  0  X  is  the  observed  angle ;  but  it  is  projected  from  the  line 
O'Z  :  this  gives  the  line  O'X' ;  Z  O'X'  being  equal  to  Z  0  X. 

X'  is  the  erroneous  position  of  X  along  the  definite  line  yy ; 
and  X  X'  is  the  amount  of  the  error. 

NowZO'X  =  ZOX  +  OZO', 

0  Z  0'  =  angle  at  Z  subtended  by  0  0', 

alsoZO'X  =  ZO'X'  +  XOX'; 

and  since  Z  0'  X'  =  Z  0  X, 

.-.     X  0  X'  =  0  Z  0'  =  angle  at  Z  subtended  by  0  O'. 

But  X  0'  X'  =  angle  at  0  subtended  by  X  X' ; 

.*.     angle  subtended  by  X  X'  =  angle  subtended  at  Z  by  0  0'. 

00'       sinZ  .    „     00'    .    vn*/ 

7v^=  .    vn'7>  ••  smZ  =  j_-smXOZ. 
0  Z     sm  XOZ  O  Z 

Z  will  be  a  minimum  when  X  0  Z  =  0"  or  180**. 

Z  will  be  a  maximum  when  X  0  Z  =  90*,  shown  as  Z^  in  the  figure. 
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00' 
Also  ~j~  will  have  its  least  value  when  O'Z  is  infinity ;  00' 


O'Z 

being  a  constant. 

Therefore,  the  further  Z  is  away,  the  less  is  the  value  of 


00' 
O'Z 


and  the  smaller  is  X  0  Z  the  less  the  value  of  sin  Z. 

Hence,  in  this  particular  coMj  the  zero  to  select  should  be  one 
where  X  0  Z  is  the  smallest  possible,  and  where  Z  is  very  distant. 

Second  Case. — Assiune  the  position  0^,  fig.  255,  at  right  angles 
to  X  0.  With  C^  as  centre,  and  radius  C^X,  describe  a  circle.  The 
circumference  of  this  circle  will  go  through  X,  0,  and  0^. 


Fig.  265. 


Then  any  point  along  the  arc  X  Z^O  on  either  side  of  X  0  can 
be  taken  as  a  zero  of  reference ;  and  there  is  no  error  produced 
in  the  position  of  X,  by  projecting  the  observed  angle  from  either 
0  or  from  0^,  for  both  angles  stand  on  the  same  arc  as  Z^X. 

Third  Case, — Assume  the  position  0^,  45*  or  135*  with  OX. 
With  C*  as  centre,  and  radius  C*X,  describe  the  circle  X  Z*0.  The 
circumference  of  this  circle  will  go  through  X,  0,  and  0^. 

Any  position  of  Z^  along  that  circle  will  satisfy  the  condition 
that  there  will  be  no  error  if  the  line  is  projected  from  either  0, 
or  from  0^,  through  X ;  for  both  the  angles  at  0^  and  0  stand  on 
the  same  arc  Z% 

Thus  an  infinite  number  of  circles  can  be  drawn  for  the 
infinite  number  of  positions  in  tl^e  area  shown  by  the  shaded 
circle ;  each  erroneous  position  having  its  own  circle  of  equivalent 
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zeros;  the  nearer  it  is  to  this  circle  the  better  will  be  the 
positiiHi  of  Z. 

It  is  not  possible  to  define  any  particular  circle;  the  only 
position  of  the  zero  which  satisfies  all  cases  is,  when  it  is  at  X — 
which  is  impossible :  and  the  only  point  that  can  be  defined  as 
near  any  circle,  is  very  close  to  X,  the  object  to  which  the  line  of 
reference  is  intended ;  or  to  0,  the  position  of  the  observer. 

This  deduction  is  specially  applicable  in  the  case  of  '  shooting  up ' 
the  tangents  of  a  small  islet,  the  zero  being  its  centre  or  summit ; 
or  in  the  case  of  finding  the  line  of  transit  for  boat  soundings,  the 
angle  measured  being  to  the  object  nearest  the  transit  line 
laid  off. 

The  only  case  where  the  zero  could  be  near  the  observer  is  in  a 
boat,  close  to  a  fixed  object  on  the  shore ;  or  possibly  in  '  coast- 
lining.' 


APPENDIX  III. 
Formula  for  Equation  of  Equal  Altitudks. 

Equation  of  equal  altitudes  =  ^ .  (tan  I  oosec  h  -  cot  p .  cot  A), 

where  <fy  ia  the  change  in  the  polar  dbtance  or  declination  between 
the  sights,  and  h^^  the  elapsed  time ;  /,  the  latitude ;  and p,  the 
polar  distance. 

If  T  be  the  time  between  the  sights  =  elapsed  time  =  £,  then 

fin      K 

cijD » E  X  change  of  declination;    and  -^s-x change  of  P.D.  or 

of  declination ;  and  ,r — ,  _  converts  it  into  seconds  of  time  as  i-. 

2x15  15 

The  first  part  of  the  equation  is  known  as  A ;  the  second  part, 

as  B. 

A  -  B  is  the  equation  of  equal  altitudes. 

The  signs  of  each  term  must  be  closely  followed. 


Fio.  26(5.  Fio.  257. 

Fig.  256  is  a  sine  curve  :  the  right  half  is  + ,  the  left  - . 
Fig.  257  is  a  cosine  curve  :  the  upper  half  is  + ,  the  lower 
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Referring  to  the  formula  :  if  A  is  greater  than  180"  (12^),  then 
the  cosec .his  -  (see  fig.  256),  and  a  cotangent  which  is 


18 


-  (fig.  257) 


sin  A 


-(fig.  256)^  ^• 

If  A  is  >  90*  (6**),  then  cosec  A  is  + ,  and  cot  A  is  - . 

The  same  analysis  is  made  with  /?,  the  polar  distance. 

If  P.D.  is  >  90°,  then  cot  jd  is  - ;  and  it  would  be  better  in  all 
cases,  to  avoid  mistakes,  if  the  polar  distance  is  used,  instead  of 
the  declination. 


APPENDIX  III.  (a). 

Mbthods  of  calculating  Equal  Altitudes,  avoiding  ant  Con- 
fusion OVER  THE  Signs   that   arise   in   the  Equation 

USUALLY     ADOPTED.       OBSERVATIONS    FOR    ONE     LiBfB    ONLY 
ARE  SHOWN. 

Lat.  54°  or  N.     Long.  56'  54'  W.     19th  to  21st  Sept.  1908. 


About  IX.  80  A.M., 

2lBt  Sept 

About  II.  80  P.M., 
19th  Sept 

h     m       8 

•      f      If 

h     m        •             ■ 

7  20  28-5 

56  50  00 

12  22  07-2    35-7 

21  16-5 

57  00  00 

21  23-5     40 

22  020 

10  00 

20  380     40 

22  45-8 

20  00 

19  53-8     39-6 

23  32-5 

30  00 

19  07        39-5 

24  15-5 

40  00 

18  21-2     36-7 

25  00-5 

50  00 

17  36-0    36-5 

mean    7  22  459 

comparison    1  59  32*8 

chron.  time    9  22  18*7 

or  19  days  45  22  18-7 

P.M.  sights    2  19  34-7 

sum  47  41  53-4 

diff.  43  02  44-0 


i  sum  23  50  56-7 
i  diff.  21  31  22-0 


I.E.+ 

57  20  00 
0     4  56 

2 

57  24  56 

S.D.  Q 
R.P. 

28  42  28 
0  15  57 

28  58  25 
1  38 

28  56  47 

1  59  42-3 

2  19  34-7 


Z.D.  61  03  13 
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App.  T.  mid.  date,  20th,  O*'    0«»  ()• 

long.  3    47    0  W. 


G.A.T.  20th,  3    47    0 

Change. 

dec.     r09'13'N.          bS'-S 
decreasing           3  41                   3*8 

1 

58'-31 
E     21-52 

1    05  32          60 

221-54 

1512498-312 

3-41 

7       -879 
I     3-78 

^ 

r. 

PX88   54  28 

eq.  time  6"  31«0 
+          3-3: 

^^-83-322 
30 

-  6    34-4        3-32262 
lat.  54*  or 

PZ35* 

59' 

In  the  usual  spherical  triangle  P  Z  X,  find  angle  P  X  Z. 
log  cosec  P  X  88'  54'   28"     10-000079 
logco8ecZX61      3     13      10*057957 

27    51     15 
PZ  35    59      0 


log  i  hav.  63    50    15       4-723222 
log|hav.    8    07     45       3850529 

8-631787  hav.=:23' 53' 20". 
+ 

Equation  of  equal  alt.  =  ^ .  sec  dec. .  cot  P  X  Z. 

If  polar  distance  west  of  the  meridian  is  <  P.D.  east,  then 
dp  is  -. 

log  ^(83-322)     =   1-920759 

log  sec    V  05'  32"  =  10-000079 
log  cot  23   53  20  =  10-353688 

2-274526  =  188-16 

=  -  3"  8»-2, 
which  is  the  same  as  the  result  attained  by  the  other  means  of 
calculating  the  equation  of  equal  altitudes  (see  p.  385). 
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APPENDIX  XXL  (6). 

Example  op  finding  the  Error  of  Chronometer  on  M.T.P., 
OR  THE  Longitude,  by  the  *  Mean  of  Absolutes  '  taken 

ON   THE   SAME   DaY. 


2l8t  Sept.  1908.  Lat.  54'  01'  N.  Long.  56*  54'  W.  Error 
of  chronometer  at  noon,  2l8t  Sept.,  is  3**  53™  19*-5  slow  on  G.M.T. 
Rate,  5*-4  losing. 


IX.  80  A.M. 


II.  30  P.M. 


Alt.  Q 

Int 

Time  by  Watch 

A.M. 

Time  by  Watch 

P.M. 

Int. 

88-6 
40*2 
39-6 
89-6 
89-2 
40-8 

Alt.  g 

56'  50' 
67   00 
10 
20 
80 
40 
50 

48 

45.6 

48-8 

46-6 

48-2 

45-2 

7h  20»  28«-4 

21  16-4 

22  02-0 

22  46-8 

23  82-4 

24  16*6 
26    00-8 

0»»  8S">  38»*6 
82    65*0 
82    14-8 
81     85-2 
30    55-6 
80    16*4 
29    85*6 

58'  60' 
54  00 
10 
20 
80 
40 
60 

57  20 

Mea 

7|     19    21-4 

71     11     06-2 

64  20 

n    7    22    46*91 

0   31     85*17 

A,  Ml 


Watch  7  22'45-91 
comp.  1  59  32-8 


Alt.  57  20 
I.E.  +         4  56 


chron.  9  22  1871 
error  3  55  slow 


2  57  24  56 


G.M.T.  1  17 


28  42  28 
Q  +  15  57 

28  58  25 
R  P.         1  38 


28  56  47 


Z.D.  61  03  13 
dec.  21st  0'  45'  46"-3  N.        58-38 


-     1   15-3 


1-29 


0  44  31 

eq.  time  6"  52»-13 

1-13 


6075-3102 


r  15"-3 


6    53-26 


•875 
1-29 

rr2875 


P.M. 


Watch  0  3l'35'-17 
comp.  1  59  47  6 


chron.  2  31  22*77 
error  3  55 


G.M.T.  6  26  23 


dec.  0'  45'  46''-3  N. 
6  15-8 


0   39  30-5 


eq.  time  6«»  52«-13 
5-63 


6    57-76 


/       M 


Alt.  54  20 
LE.+         4  56 


2  54  24  56 

_  27  12  28 
©  -  15  57 


26  56  31 
R.P.  1  44 


26  54  47 

Z.D."6305~r3 

58-38 
6-44 


60375-8672 
6'  15''-8 


-875 
6-44 

5*63500 
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Z^S  and  Z'S  are  the  unoorrected  zenith  distances. 
Z  S  is  the  *  true  *  zenith  distance. 

(1)       .     L«Di-ZS 

=  Di-^ZiSH;i+^  +  r»)-w±l±|^-ri  to  altitude 


==[D^.(ziSH;j.ri)±|^] 


6^ 


.•.L  =  Li±l 


(2)       .    Li  =  ZS-D2 

^[(z«st-;+,^)-d«]tJ 


.\L^U:^t 


e^ 


Equation  (1)  .     L  =  U±)- 


^e^ 


Equation  (2)  .     L  =  L2+^ 


9 


Adding,  .  2L  =  L*  +  L*  ±  f  J     J) 

(3)       .         .         .      andL«^^?l^ 


Subtracting,  .     0^U''U±(^1^\ 


(4)  .    andL2-Li=±^^"^^^ 


9 
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e^  and  c*  are  *  errors  of  observation/  and  they  are  made  up  of 
instrumental  errors  and  errors  of  observing. 

Errors  of  observing  must  be  taken  as  being  the  same  in  both 
cases;  and  the  latitude  deduced  from  each  set  of  observations 
will  be  given  a  value  depending  upon  the  number  and  consistency 
of  the  observations.  Instrumental  errors  will  only  be  sunilar  if 
the  angles  on  the  sextant  are  the  same  (see  explanation,  p.  14 ) : 
the  total  instrumental  errors,  in  most  cases,  vary  directly  as  the 
size  of  the  angle.  If,  then,  the  altitudes  are  very  nearly  alike,  then 
in  expression  (3), 

T  1      .     T  O  ^1  .Ov  1  O 

will  =  0, 


L  being  = 

'      2      -V 

-A 

4 

and 

L  = 

2 

In  expression  (4), 

L2-LU 

-S'^f) 

If 

gi  = 

■**, 

then 

L2-L1- 

'+«; 

e  being  ± 

to  observed  altitude. 

If,  which  is  not  probable,  the  instrument  is  in  *  perfect  adjust- 
ment,' then  e  may  be  looked  upon  as  an  *  error  of  construction  *  at 
the  particular  angle  of  the  altitude  ;  partly  due  to  *  centring,'  partly 
to  an  error  in  the  faces  of  the  mirrors,  and  partly  to  an  error  in  the 
graduations. 

If  the  altitudes  are  not  the  same,  neither  will  e^  be^e^,  and, 
except  by  an  empirical  valuation,  in  proportion,  say,  to  the  Kew 
error,  the  latitude  cannot  be  so  well  defined. 

Moreover,  the  observing  errors  will  probably  not  be  quite  the 
same  in  amount  owing  to  refraction. 
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APPENDIX  IV.  (a). 

To  find  a  suitable  star  to  pair. 

Example, — In  latitude  12**  30'  S.,  from  about  9  p.m. 

M.T.P.  =  star's  H.A.  +  star's  R.A.  -  R.A.M.S. 

S.H.A.=0»»0». 

Then  M.T.P.  +  R.A.M.S.  =»  star's  R. A. ; 

and  given   M.T.P.,   the    time  desired  to  start  sight-taking   as 
9  P.M.,  then  9*»    0"  M.T.  passage 

10    15  R.A.M.S.  (from  Almanac) 


19    15  =  R.A.  star  which  will  pass  the 
meridian  at  about  9.00  p.m. 

In  the  Star  Catalogue^  *  Vega*  has  a  R.A.  of  18**  33"  and  its 
declination  is  38*  41'  N.  R.A.M.S.  10    15 


rough  M.T.    8    18 
And  if  lat.  =  IT  30'  S. 


then  Z.D.  =  51    US. 

alt.  =s  38   49,  the  altitude  roughly  of  Vega;  zenith 
being  south,  or  star  bears  north. 

Required  a  star,  the  zenith  being  north  of  it,  i.e,  which  bears 
south,  which  will  have  an  altitude  of  about  39". 

If  alt.  is  39' 
the  Z.D.  =  51  N. 

and  lat. «  12  S. 
then  declination  must  be  about  63*  S. 

In  the  Catalogue^  y  Pavonis  has  a  declination  65*  50'  S. 

Its  right  ascension  »  21^  17™ 
as  before,  R.A.M.S.  =  10    15 


hence  rough  M.T.  passage  =90 

And  these  two  stars  will  make  a  pair,  the  single  altitude  of  each 
being  roughly  39*  within  a  degree  or  two.  Vega  will  pass  the 
meridian  at  about  8.10  p.m.,  and  y  Pavonis  at  about  9.00  p.m. 

12'  35'  18''-7  was  the  latitude  found  by  Vega.  \  See     Example, 
12*  35'  38''-5  was  that  found  by  y  Pavonis.       )      p.  449. 
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APPENDIX  IV.  (b). 

EXAHPLB    OF    FINDING  THE   LATITUDE    BT  Ex-MBRIDIAN    AlTITITDES 

OF  Two  Stars  ;  one  bearing  North,  the  other  South, 

AND  OF  ABOUT  EqUAL  ALTITUDES. 

1.  By  Vega.^  Zenith  north  of  star;  star  bears  south  at  Rock 
Island.  Approximate  lat.  12*  35'  S.,  long.  143'  13'  15"  E.,  on  the 
26th  August,  about  VIII.  00  p.m.  The  comparison  of  the  watch 
was  9**  45°*  58"  slow  on  chronometer.  The  error  of  the  chrono- 
meter was  1*»  17"  31«-7  slow  on  G.M.T. 

First,  find  the  approximate  G.M.T.  of  the  star's  meridian  passage 
to  correct  the  R.A.M.S. 

26th  August,  R.A.M.S.  10»»  19"  (see  Nautical  Almanac), 
19th  August,  R.A.S.  18   33 

rough  M.T.  of  mer.  passage    8    14 

long,  in  time    9    33  E. 


G.M.T.  of  mer.  passage  10    41 
i.e.y  25th  August  22    41 

Secondly,  correct  the  R.A.M.S.  for  Greenwich  time,  and  find  the 
exact  time  by  watch  of  the  meridian  passage. 

R.A.M.S.,  25th  August  10>»  15"  53»-7 
correction  for  22  hours    0      3    36*8  (see  N.A.,  p.  550). 
„  „   41  min.      0     0      67 


corrected  RA.M.S.  10    19    37*2 
corrected  R.A.  star  18    33    20*9 


mean  time  of  passage    8    13    43*7 

The  watch  is  slow    9*»  49"  58»  on  chron.  time, 
chron.  is  slow    1    17     32  on  G.M.T. 


.-.  watch  is  slow  11      7     30  on  G.M.T. 
G.M.T.  is  slow  on  local  mean  time    9    32    53  (longitude). 


watch  is  slow    8    40    23  on  local  mean  time. 
M.T.  passage  is    8    13    44 


watch  time  of  passage  =  11    33    21 

The  difference  between  watch  time  of  each  sight  and  this 
watch  time  of  passage  will  giye  the  H.A.  at  each  observation. 

29 
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Time  by 

Hour- 

Sid.  T. 

Vers.  H.A. 

Watch. 

angle. 

ofH.A. 

Sinr 

Obsd.  Alt. 

11»»  31°»  35» 

1»46« 

1°»46- 

61 

77'  28'  30' 

32    06 

1     15 

1     15 

31 

40 

32    36 

0    45 

0    45 

11 

30 

33    39 

0     18 

0     18 

•2 

50 

34     15 

0    54 

0    54 

1-6 

50 

34    46 

1     25 

1     25 

3-9 

30 

35    16 

1     51 

1     51 

6-7 

20 

Appt.  Mer. 

Alt. 

77**  28'  50' 
I.E.  +  35 


7  22-7 


250 


mean    3-243      77    28  36 


77 

29 

25 

38 
refr. 

44 

1 

42 
09 

38 

43 

33 

51 
dec.  38 

16 
41 

27 

11 

Correction  to  the  meridian  = 

L      versJLA. 
^     sin  1" 
log  cos  dec.  = 
log  cos  lat. 
log  sec  alt. 


Mean  obs.  alt.  77*  28'  36" 
I.E.  +  35 


vers.  H.A. 
sinr 

•510947 

9-892406 

9-989406 

10-107807 


app.  lat.  12    35    16 
.  cos  dec. .  cos  lat. .  sec.  alt. 


•500566  =  3166 

true  alt.  38*  43'  26'-l  N. 
redn.  to  mer.  +  3-2 


77   29  11 


mer.  alt.  38   43  29-3 


38   44  35-5 
refr.  1  09 -4 


true  alt.  38   43  26-1 
To  correct  refraction 


Z.D.  51    16  20-7   N. 
star's  dec.  38   41   11*4   S. 


latitude  =12   35  193   N. 


for38M0'-l'  13" 
for  4'  =         -2 


=  1  12-8 
corr.  for  ther.  73"  =    -  4 


1  08-8 
corr.  for  bar.  29'-82  =      +  -6 


corrected  refr.  =  1  09-4 
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For  the  rigid  correction  to  star's  R.A.  and  declination,  see 
pp.  233  and  583  of  Nautical  Almanae.  They  have  been  so 
corrected  in  the  above  case,  but  the  computation  is  not  here 
^hown. 

The  star  to  pair  with  Vega  was  found  to  be  y  Pavonis  on  the 
same  date  at  about  11.00  p^. 

R.A.M.S.  lO"*  19"  50- 
corr.  for  G.M.T.  13 


corrected  R.A.M.S. 

10    20 

3 

R.A.S. 
mean  time  paAs. 

21    17 

42 

10    57 

39 

watch  slow  on  M.T. 
watch  time  pass. 

8    40 

23 

2    16 

56 

Watch 
Time. 

H.A. 

Sid. 
Time. 

^®"-  ^-^-      Obsd.  Alt 
Sin  1" 

Appt.  Mer. 
Alt 

2»»  15°» 

07- 

im 

49- 

The  sid. 

6-5 

73' 

30'  50" 

72"  31'  10" 

15 

49 

1 

07 

interval 

2-4 

30  50 

16 

17 

0 

39 

is  the 

•8 

31  20 

The  same 

17 

02 

0 

06 

same. 

00 

31   10 

lat.  is  used 

17 

30 

0 

34 

•6 

31  20 

as  with 

17 

58 

1 

02 

21 

31   10 

Vega 

18 

25 

1 

29 

4-3 

31   10 

73"  31'  10^ 
35 

me 

7 

16-7 

7 

50 

an    2*4 

73 

31  07 

73   31  45 

36   45  53 

ti 

refr. 
lie  alt. 

1   15 

36   44  38 

Log 


vers.  H.A. 


•380211 


sm  1 

cos  dec.  9-611844 
cos  lat.  9-989406 
sec  alt.  10-093391 


•074852  «1'-1 9 
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Mean  of  obed.  alt.  73'  31'  07" 
I.K  +  35 


73   31  42 


36  45  51 

refr.  1  14-6 

36  44  36-4 

corr.  +  1  -2 


mer.  alt.  36   44  37*6 


Z.D.  53   45  22-4  S. 
dec.  65   50  57 -2  N. 


latitude- 12   35  34-8   N. 

Latitude  by  Vega  bearing  south  12'  35'  19' '3  N. 
latitude  by  y  Pavonis  bearing  north  12   35  34*8 
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mean  latitude  12*  35'  27"  N. 

Here  the  mean  is  accepted  because  the  number  of  observations 
was  the  same  in  both  cases ;  and  their  values  are  about  equal. 

The  *  error  of  observation '  in  the  altitude  observed  =  L^  -  L* 

=  15"-5 

that  is  -  to  Vega's  observed  altitude,  and  -  to  y  Pavonis :  it  is 
the  total  error,  and  includes  observing  error.  The  observing  error 
may  be  -  60",  and  the  instrumental  will  be  +  45" ;  or  the  first 
might  be  +  30",  the  instrumental  will  then  be  -  45". 

By  taking  a  larger  number  of  observations,  the  mean  error  is 
probably  reduced ;  they  consequently  have  a  slightly  greater  value. 
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APPENDIX  V. 

Squarino  in  the  Trianoulation  of  a  Rivbr,  or  of  a  Sbribs 
OF  Points,  bt  the  Astronomical  Position  obtained 
AT  Both  Ends. 


All  the  places  shown  in  plate  are  main  stations,  possibly 
standing  some  distance  back  from  the  coast-line  of  the  river  or 
channel. 

S  and  K  are  assumed  to  be  taken  from  a  previous  survey, 
and  their  distance  apart  is  8*3301  miles  or  50,384  feet;  or  this 
distance  may  have  been  deduced  from  a  base  measured  else- 
where. 

From  this  side,  and  all  the  necessary  angles,  the  length  of 
the  sides  approaching  A  from  S  arc  calculated;  the  computing 
is  not  shown  here,  but  the  distances  are  stated  in  the  triangu- 
lation  sheet. 

It  is  required  to  find,  through  the  triangulation,  the  latitude 
and  longitude  of  A. 

Given  lat.  S.  ir  55'  49"  S.,  long.  143'  13'  18"  E. 

1.  From  S  to  H. 

The  true  bearing  is  S.  38*  23'  45"  E. ;  distance,  52009  1  feet; 
6048-7  feet  =1  mile. 

Find  the  Mercatorial  bearing  of  H  from  S,  and  from  this  the 
d.  lat.  and  departure. 

For  Mercatorial  bearing,  d.  lat.,  and  departure — 


Convergency  =  dist.  sin  M.B.  tan  mid.  lat. 

log  dist.  =   -934418       lat  S  =  1 T  55'  49'  S. 
sin  bearings 9 -793293     ^  d.  lat.           3  22 
tan  mid.  lat.  =  9-327008 


mid.  lat.  11    59  11 


log  -054719 
Convergency  - 1'-134  =  1'  08" 

T.B.  H  from  S,  S.  38*  23'  45"  E. 

i  convergency,  +  0  34   E. 

Merc,  bearing,  S.  38  24  19   E. 

Merc,  bearing  S  from  H,  N.  38  24  19   W. 

i  convergency  0  34 

T.B.  of  S  from  H,  N.  38  24  53  W. 


d.  lat.  s  dist.  cos  bng. 
log.  dist.  =   -934418 
cos  bng.  =  9-894115 

log  -828533 
=  6-738 
d.  lat.  =  6'  44^-3 


dep. 
log  dist. 
sin  bng. 


dist.  sin  M.B. 

-934418 
9-793245 


log  -727663 
=  5-3415 
dep.  =  5'  20"'5 
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To  find  Mercatorial  bearing,  d.  lat,  and  departure. 
2.  From  H.  to  F. 


For  convergency — 

log  dist.  =  4-994097  (feet), 
log  6048-7  =  3-781662 


log  of  miles  =  1  212435 

sin  M.B.  =  9-605032 

tan  mid.  lat.  =  9  333540 


lat.  S.  11*55' 49" 
d.  lat.  6  44 


log    151007 
=  1-416 
converg.     =  V  24"-9 
i        „         =0  42-4 


lat.  H  12     2  33 
I  d.  lat  7  28 


mid.  lat.  12    10     1 


D.  Lat  between  H.  and  F. 

d.  lat.  =di8t  cos  M.B. 
log  dist  =  1-212435 
cosbng.=   1-961611 

log  11 74046 
=  14-929  = 
d.  lat  =  14'  55"-7 

dep.  =  dist  Bin  bng. 

log  dist  =  1-212435 

log  M.B.  =  9-604817 

log  -817252 
=  6-5652 
dep.  =  6'  33"-9 


T.B.  S  from  H  =  N.    38'  24'  53"  W. 
SHK=         42   36  25 


T.B.  KfromH  =  N.      4   11  32  E. 
KHR=         46     8  10 
RHF=       105   56     0 


T.B.  F  from  H  =  N.  156    15  42  E. 

=  S.     23   44  18  E. 
Y  convergency  0  42 


Mer.  bearing  Ffrom  ff=S,     23   45     0  E. 
^  convergency  0  42 


true  bearing  H  from  F^  N.    23   45  42  W. 


3.  From  F  to  A. 

HFP  = 

53*    8'  15" 

PFK  = 

48   48  30 

XFA  = 

54   46  45 

T.B.  F  to  A  =  N.  180   29  12  W. 
F  toA=S       0  29  12  E 
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For  convergency — 

log  dist.  in  ft.  =  5055487 
log  6048-7  =  3-781662 


log  sin  M.B. 
tan  mid.  lat. 


convergency  = 


1-273825 
7-928111 
9-339820 

2-541756 
-0348' 
2"-09 


lat.  H  12'    2'  33" 
d.  lat.         14  56 


lat.  F  12   17  29 
i  d.  lat.  9  23 


mid.  lat.  =  12   26  52 

T.B.  FtoA    S.0°29'12"E. 
^  convergency  0     1 


Total  d.  lat. 

lat.  S  ir  55'  49" 
d.  lat.    0   40  27-1 


lat.  A  12   36  161 


idifif.lat.  0   20  13 


mid.  lat.  12     6     2 


d.  lat. «  dist.  cos  M.B. 
log  dist.  =  1-273825 
cos  bng.  >=  9-999984 

log  1-273809 
=  18-785 
d.  lat.  =  18'  47"-l 

dep.  =  dist.  sin  bng. 
log  dist.  =  1-273825 


Merc.  bng.  S.  0  29  13  E. 

OIU.    UUK.   "'  v    *f*i\J*.^  A 

T-201936 

«    159 

dep.  =  9"-54 

From  above — 

d.  lat 

dep. 

StoH 

6'44"-3 

5'  20"-5 

HtoF 

.     14  55-7 

6  33-9 

FtoA 

.     18  47-1 

0  09-5 

40  27-1 


12  03-9 


d.  long.  =  dep.  sec  mid.  lat. 
log  dep.  =   1-081347 
^      ^  180 

sec  mid.  lat.  =  11-010030 


log    1-091557 
=  12-347 

^  J  . .         d.  long.  coB^  mid.  lat. 

2nd  correction  = ^ — =-=7r 

150 

logd.  long.  =  1-091557 

,     . ,  ,  .        -989970  I 
cos«  mid.  lat.  =   .939970/ 


1071497 
log  150  =  2-176091 


2-895406  =  -078 

12-347 
-      -078 


d.  long.  =  12-269 

=  12'16"-14 
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longitude  S  143'  13'  18" 
d.  long.      0   12  161 

longitude  A  143   25  34*1 

Hence  by  triangulation— 

Latitude  A  12*  36'  16"-1 ;  longitude  143'  25'  34"1. 

To  find  the  Mercatorial  bearing  and  distance  from  S  to  A  by 
triangulation. 


^=  tan  bearing 

log  dep.  =  1-081527 
log  d.lat.  =  1-606596 


dist.  =  d.  lat.  sec  bearing  6048*7   i 
logd.  lat.=   1-606596 
log  sec  bng.  =  10-01 8530  , 

log  6048-7=   3-781662 


log  tan  9-474931  =  16*  37'  12" 
bearing  of  S  from  A,  N.  16   37  12  W. 


log  5-406788 
=  255145-8  feet 


From  observations  taken  at  both  S  and  A- 


Astronomically  {  J^J;  f  JJ'  ^^'  '''  «.     long.  S  143'  13'  18^  E. 


36  09-9  S.     long.  A  143   25  33*7  E. 


d.  lat.      40  20-9 
=  40'-348 


d.  long.     12  15-7 
=  12'-262 


Now  dep.  =d.  long,  cos  mid.  lat.,  and 

dep.  =  d.  lat.  tan  bearing. 
.'.  d.  long,  cos  mid.  lat. «  d.  lat.  tan  bng., 

or  tan  bng.  =  d.  long,  cos  mid.  lat. 

d.  lat. 
logd.  long.-    1-088596 
log  COB  mid.  lat.  =   9-989970 


11-078566 
logd.  lat.=    1-605822 


log  tan  9-472744  =  16*  32'  28' 


dist.  =  d.  lat.  sec .  bng.  x  6048-7  ft 

logd.  lat-   1-605822 

log  sec  bearing—  10*018355 

log  6048-7=  3-781662 


log   5-405839 
=  254,588-8  feet 


Bearing  by  triangulation  N.  1 6"  37'  1 2'  W.     dist  by  triangulation  255, 1 46-8  ft 
„       astronomically   N.  16  32  28  W.        „   astronomically    254,588-8  „ 


error  0     4  44  E. 


dififereuce  «  557-0  feet 
in  40*3  miles 
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To  readjust  the  distances — 

log  dist.  by  triangulation  5*406788 
„       astronomically     5*405839 


log  of  cor.  T-999051 


The  error  of  bearing  is 
applied  to  each  trian- 
gidated  bearing. 


From  S  to  H— 
log  SH  =  4-716080 
log  cor. « 1-999051 


by  triangulation  bearing  H  to  S  38*  24'  19' 

and  back  -    0     4  44 


log  4-714134  »  51,895-6  feet  =  SH 


d.  lat. «  dist.  cos  bearing 

60487 
log  dist.  =  4-715134 
log  cos  bng.  =  9-894596 


adjusted  bearing  38    19  35 


d.  long.  =  d.  lat.  tan  bear- 
ing sec  mid.  lat. 
log.  d.  lat.  =     -828065 
tan  bearing  =   9-897902 
sec  mid.  lat.  =  10-009574 


4-609727 
log  6048-7  =  3-781662 


log  -828065  «=  d.  lat.  between  S  and  H 
=:6'-731  =  6'43'-8 


•735541 
=  5-439 
2nd  cor.  for  d.  long,  not 
calculated  (see  below) 
-    -034 


d.  long.  5'-405 
=  5'  24^-0 


To  conect  H  to  F — 

log  HF  =  4-994097 
log  cor.  =  1-999051 


by  triangulation  bearing  H  to  F  23'  45'  00" 

-cor.    0     4  44 


log  4-993148  =  98,434-7 
corrected  HF  =  98,434*7  feet 


corrected  T.B.  23   40  16 


d.  lat.  B  dist.  cos  bearing 


log.  dist. 
log  cos  bearing 


6048-7 
6-993148 
9-961832 


4-954980 
log  6048-7  =  3-781662 


log  1-173318=14-904 
from  H  to  F  corrected  d.  lat.  =  14'  54''-2 


d.  long.  =d.  lat.  tan  bng. .  sec  mid.  lat. 
log  d.  lat  =   1173318 
tan  bearing  =   9-641833 
sec  mid.  lat.  =  10*009866 


•825017  =  6-684 
2nd    cor.    not    calculated 
(see  formula  below). 

2nd  cor.  d.  long.  -   -04 


=  6-6444 
=  6'  38''4 
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To  correct  F  to  A — 

log  FA  =  5055487 
-log  cor.  =  1-999051 


by  triangulation  bearing  F  to  A  0*  29'  14' 

-cor.  0     4  44 


log  5-054538  =  113,380-5 


corrected  bearing  0   24  30 


d.  lat.  =  dist.  cos  bearing 


log  dist. 
log  cos  bearing 


6048-7 
5055487 
9-999989 


5054527 
log  6048-7  =  3-781662 


1-272865=  18'-745 
from  F  to  A  corrected  d.  lat.  =  18'  44''-7 


d.  long.  =  dep. .  sec  mid.  lat. 
dep.  =  d.  lat.  tan  bearing 
d.  long.  =  d.  lat.  tan  bng. .  sec  mid.  lat. 

logd.  lat.=   1-272865 

log  tan  bearing  =   7-852910 

log  sec  mid.  lat.  =  10010229 


1-136004  = -1367' 
H  to  F  d.  long.  =  8"-2 
there  is  a  2nd  difference  of  long,  not 
calculated  =  d.  long,  cos  mid.  lat. 


150 


=  -  -001' 


Readjusting  all  the  latitudes  and  longitudes — 


lat  A  12"36'09''-9 
d.  lat.  to  F    0    18  44-7 


lat.  F  12    17  25-5 +  -7' 
d.lat.toH    0   14  54-2 


long.  A  143'  25'  33'-7 
d.  long,  to  F      0     0     8-2  + 


r 


long.  F  143  25  25*5  ...254 
d.  long,  to  H      0     6  384  +   2*8 


lat.  H  12   02  31-3  + -5' 
d.  lat.  to  S    0     6  43-8 


long.  H  143   18  47-1  ...44-2 
0     5  240  +    2-2 


lat.  S  11    55  47-5 +  -3 


long.  S  143   13  231  ...18-0 
There  is  an  error  left  of  l''*5,     There  is  an  error  left  of  5*1,  which 
which  can  be  divided  in  the       divide  proportionally  to  d.  long., 

i.e,  -1,  6-6,  and  5-4  =  +  1",  +  2'-8, 
+  2"-2. 


proportions  of  d.  lat.,  i.e. 
6-7,  14-9,  and  18-7= +-3", 
+  •5',  +-7". 


And  all  the  other  main  stations  are  computed  in  the  same  manner. 


A 


-  1 
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APPENDIX  VI. 

EzAMPLB  OF  Tklboraphig  Mkbidian  Distakcb  and  of 
Equal  Altitudes  takbn  on  the  bahb  Day. 

One  obBerver  is  at  K,  the  other  at  T. 

Observer  at  K,  inlat.  15'  27'35"S.,  long.  145'  15'  E.  (obsn.  spot), 
takes  the  following  observations,  Wednesday,  16th  November. 


IstSet. 


® 


Altitude. 

Int 

Chron.  Time  a.m. 

Chron.  Time  p.m. 

Int. 

Sum  of  sees. 

Ih  52»  20«0 

8J»  30»  86»-2 

of  sum  of  seconds 

»        • 

Aiean 

64-273 

Watch  time  a.m.     l^ 52°> 20«0 
P.M.    8   30    35-2 


» 


» 


M.T.A.N.    0*>    0«    0- 
longitude    9    41       IE. 


sum  10  22    54-273 1 
diff.    6  38    15-2 


G.M.T.A.N.    2    19      0 
12     0      0 


mid.  T.  by  watch  (J  sum)    5   11    27-136       G.M.T.  15  Nov.  14    19      0 
1  elapsed  time  (J  diff.)    3   19    07  6  Change  at  mdt 

dec.  midnight  15  Nov.  18*  48'  50"     -  37  305 

1  26  2-317 


dec.  at  U^  19"^,  18   47  24 


Eq.  T.  midnight  15  Nov.  -  15"»  04-805 

•897 


Eq.  T.  at  14>»  19™  -  15"»  03"-908 
^  Subetitnte  the  mean  for  the  sum  of  seconds. 


86-435685 

Change 
--474 
2-317 

•897258 
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Equation  of  equal  altitudes  (A) 

=  tan  lat.  cosec  ^ .  log  c  ^i"  _   __  change  declination  x  ^ 

logtanlat.=   9-441801  15""*^                     15 

log  cosec  ^=  10-117140  change  =  37-305 

logc=     -916421  3-317 


log  -475362  =  2-989  15123-740685 


c»  8-2494 

Equation  of  equal  altitudes  (B) 

=  tan  dec.  cot  ^  elapsed  time .  log  c 
log  tan  dec.  =  9-531777 
log  cot  ^  =  9-927170 
logc=   -916421 

log  -375368  -  2-373 

Referring  to  the  figure,  Plate  XVI. — 

A  is -2-989     app.noon    0^    0"    0- 
B  is  +  2-373  eq.  T.  -     15      3-908 

eqn.  equal  alts.  -  -616      M.T.A.N.  11   44    56-092 

mid.  time  by  watch  b^  11°»  27«-136 
eqn.  equal  alts.  -  0     0        -616 

watch  T.A.N.  5   11    26-520 
1  comparison  mean  of  I  g   ^^      g.^^^  ^^^^ 
A.M.  and  P.M.  J 

chron.  T.A.N.  1    32    29061  fast_by  one  observation  of 

0  A.M.  and  P.M. 

*  For  comparisons— before  A.M.'8  8*»  21"»  04* -264    !*»  16™  by  watoh. 

after        ..     8    21    03*827     8    18 


,,  W  MA  VV     V<«ff  W  AW  ,,  ,1 


0     0        -927     2     0 

-927 
In  2  hours  the  comparison  changed  '927,  ue,     -    per  minute. 

The  A.M.  time  of  Ist  set  was  1^  62^,  that  is  86  minutes  after  comparing. 

-927 
.  *.  the  change  in  the  comparison  was  — ^ .  86  =  '278  ; 

and  hence  the  comparison  at  1  ^  52°^  was  8^  21°*  04* '264 

-  0      0        -278 


8  21  03-976 

By  the  same  form  of  deduction,  the  comparison  )      o  oi  m  .i  m 

for  the  P.M.  sights  {  -8  21  01107 

mean    8  21  02-641  as  above. 
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Results  by  Ist  set  of  ©    l'^  32»  29--061 
2nd     „     ©    1   32    28-671 


99 


n 


» 


mean  Ist  and  2nd    1   32    28*866 
3rd  and  4th    1   32    28*738 


3rd  set  of  ©  l^  32"  28--933 
4th     „     Q  1    32    28-543 


»» 


» 


mean  1    32    28*738 


accepted  chron.  T.A.N.    1   32    28*802 
from  above,  M.T.A.N.   11    44    56*092 


errorof chron. slow onM.T.A.N.  10   12    27*290 

K  was  in  communication  with  T  by  telegraph ;  and  T  gave  a 
series  of  stops,  at  intervals  of  10  seconds,  and  received  the  same 
from  K — no  allowance  was  made  for  travelling  over  the  wire. 


Chronometer  Time. 

Local  Time. 

Meridian 
Distance. 

Sending. 

ReceiTing. 

Sending. 

Receiving. 

h    m     ■ 

h  m      ■ 

h    m     ■ 

h     m      ■ 

h    m     ■ 

Mean  . 

1  54  20 

1  42  82*28 

Ul  50  86*87 

«11  54  59*57 

0    4  28*20 

From  K  to  T. 

Mean  .     1  47  20 

1  59  07*26 

11  59  47*49 

11  55  28*62   0    4  28*87 

^  The  error  of  Tb  chronometer  being  9^  56™  16" '37  found  at  T. 
«  K's  ..  ..     10    12    27*29        .,        K. 


»i 


»> 


II 


tf 


Moan  meridian  distance  accepted,  0^  4™  23'*535. 

Or  another  way^  as  shown  in  examples : — 

h  m   8  h    m    8 

Chron.  time  of  sending  from  T  1  54  20       sending  from  K  1  47  20 

„         receiving  at  K  1  42  32*28    receiving  at  T  1  59  07*25 


comparison  of  chron.  0 1 1  47*72  11  47*25 

This  small  difference  is  due  to  personal  errors  of  both  observers. 

Error  of  T  chron.  found  at  T    9>»  56"'  16«*27 
mean  comparison    0    11     47*485 

.*.  error  of  K  chron.  at  T  10  08    03*755  slow 
error  of  K  chron.  at  K  10    12    27*29    slow 


mer.  dist.    0     4    23*535 
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10»»  08"»       T 


10^  12" 
Therefore  K  is  east  of  T. 


APPENDIX  VII. 

To  find   the  length  of  a  'nautical'  mile  in  a  given  latituda 
The  formula  is  : — 

Minutes  of  the  meridian  in  feet  »=  r .  sin  T .  '5280 ; 
where  r  =  the  radius  of  curvature  at  the  particidar  latitude 
=  e-2rf  +  3d.sin2Z, 
e  »  equatorial  radius  of  the  earth 

=  3962-8  statute  miles, 
0?  =  difference  between  equatorial  and  polar  radii 

=  13*24  statute  miles, 
I  ^  latitude. 

Example, — In  lat.  61'  29', 

log  sinMat.=:  9-893444 

2 


9-786888 
3<i=  (3. 13-24)  =  39-72;  log  1-599009 


log  1  -385897  =  24-326  »  3d  sin'  lat. 

e~  2(1  =  3962-8-26-48  =  3936-32 

3936-32 
+     24-33 


3960-65 


minutes  of  arc  in  feet  =  3960*65 .  sin  1' .  5280 
log  3960-65      3-597766 
log  sin  r      6-463726 
log  5280      3-722634 


3-784126  =  6083-1  feet. 
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APPENDIX  VIII. 

Tablb  for  Usb  with  thb  10-poot,  12-foot,  16-poot, 

OR  ANY  Length  Pole. 

L  8  the  distance  along  the  pole  in  feet,  between  the  centres  of  the 

*  discs,'  where  L  is  made  =  — = — ; — - — = — 

scale  m  inches. 

The  following  lengths  are  the  corresponding  measurements  on 

the  ^-inch  scale  on  the  edge  of  the  protractor : — 


Augle  Obseired. 

Measurement. 

Angle. 

Measurement 

0'30' 

460 

2' 

50' 

•81 

0    40 

344 

3 

00 

•76 

0    50 

2-75 

3 

10 

•72 

1    00 

2  30 

3 

20 

•69 

1    10 

1-96 

3 

30 

•65 

1    20 

1-72 

3 

40 

•62 

1    30 

153 

3 

50 

•60 

1    40 

1-37 

4 

00 

•57 

1    50 

1-25 

4 

10 

•55 

2   00 

1-14 

4 

20 

•53 

2    10 

1-06 

4 

30 

•51 

2    20 

•98 

4 

40 

•49 

2   30 

•92 

4 

50 

•47 

2   40 

•86 

5 

00 

•44 

Example, — Suppose  the  scale  is  4*8  inches  =  1  mile. 

Then  L  =  ^  =  1 2-7  feet  =  1 2  feet  8  inches. 
4-8 

And  the  discs  would  be  placed  12  feet  8  inches  apart;  and  the 
above  table  will  give  the  corresponding  measurement  for  each 
angle. 
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APPENDIX  IX. 
Dip  of  Shorb  Horizon. 


CORKBOTION  IN  MiNUTBS   OF  ABC  TO   BE  APPLUD  TO   AN  ANOLB  OF  ElK- 
VATION,  0B8BRYED  WITH  A   SeXTANT,  TO  A  ShOBB   HoRIZON.       AlSO, 

Angle  between  the  Horizontal  Plane  and  the  Line  fbom  ths 
Ete  to  the  Wateb-lins  of  the  Shore,  for  Rough  Leyel  ok 
THE  Tide- pole. 


Height  of  the  Eye 

aboYo  Sea-lerel  or  of  H.  W.  Line  Mark 

Miles. 

Distanoe 

on  the  Shore. 

InonasiDg 

■ 

1                                   • 

of  Shore. 

Uniformly. 

15 

20 

25 

30 

5 

10 

yards. 

t     a 

i    » 

\ 

200 

28  20 

56  30 

300 

2110 

42  80 

i 

400 
500 
600 
700 
800 
900 

14  10 
11  20 
9  30 
8  30 
7  20 
6  40 

28  20 
22  40 
19  00 
16  50 
14  20 
13  00 

34' 

45' 

66' 

68' 

See  also    table  of 
parallax  errors. 

J 

i 

1000 

5  51 

1140 

17 

22 

28 

34 

1 

4' 

8' 

12 

15 

19 

28 

1 

4 

6 

9 

12 

15 

17 

H 

3 

5 

7 

9 

12 

14 

H 

8 

4 

6 

8 

10 

12 

2 

2 

3 

5 

6 

8 

10 

n 

2 

3 

5 

6 

7 

8 

3 

2 

3 

4 

6 

6 

7 

3i 

2 

8 

4 

5 

6 

6 

4 

2 

3 

4 

4 

5 

6 

5 

2 

3 

4 

4 

5 

5 

6 

2 

3 

4 

4 

5 

5 

•  »   • 


•  •     •    •    •, 

•    ••  •• . 
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APPENDIX  XII. 

Explanation  of  thb  Caubb  of  High  Water  sihttltanbouslt 

AT  Opposite  Sides  of  the  Earth. 

The  earth  and  moon  are  practically  undisturbed,  as  regards 
their  relative  mean  positions  to  each  other. 

In  order  that  they  shall  remain  so,  the  water  on  the  earth,  if 
raised  on  one  side,  does,  by  the  laws  of  nature,  alter  its  level  in 
other  directions,  so  that  the  balance  shall  be  maintained. 

The  quickest  and  most  effectual  way  of  accommodating  itself 
symmetrically  is  by  instantly  raising  the  water  on  the  opposite 
side  of  the  earth,  to  nearly  the  same  level  as  that  directly  affected 
by  external  causes ;  just  in  the  same  way  as  a  dancing  dervish 
intuitively  or  naturally  does,  when  using  his  arms  as  counterpoises 
to  preserve  his  balance,  or  a  man  on  a  tight-rope  to  maintain  his 
centre  of  gravity,  the  rope  representing  the  earth's  orbit.  The 
instantaneous  natural  redistribution  of  the  water  is  explained  in 
the  following  maimer : — 

Now  gravity  is  the  force  which  attracts  one  thing  to  another, 
also  one  celestial  body  to  another. 

The  magnitude  of  the  force  varies  with  the  volume  and  density 
(by  which  we  mean  weight),  and  inversely  as  the  square  of  the 
distance  the  bodies  are  apart. 

In  fig.  258,  let  M  be  the  moon,  C  the  centre  of  the  earth. 
Join  M  C  and  produce  it  through  the  earth.     Let  the  length  M  C 


K 
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represent  the  force  of  attraction  of  the  moon  on  the  earth's 
centre.  Then,  since  the  earth's  position  in  her  orbit  is  unaffected 
by  this  force,  there  must  be  an  equal  and  opposite  force  acting  on 
the  other  side  of  C,  represented  by  M'C :  each  force  is  acting  in  the 
direction  of  the  arrows  shown  in  fig.  258,  and  C  M'  is  the  normal 
force  always  acting  through  the  earth's  centre.  In  the  same 
figure,  let  A  be  a  place  on  the  earth's  surface ;  and  in  this  case  let 
the  length  M  A  represent  the  magnitude  of  the  force  of  attraction 
of  the  moon,  the  direction  being  from  A  towards  M. 

30 
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Since  the  force  of  gravity  varies  inversely  as  the  square  of  the 
distance,  the  force  acting  at  C  will  now  be  represented  by  line 
M  K,  but  acting  in  the  direction  C  to  M'  to  counterpoise  gravity. 
Obviously  the  resultant  of  these  forces  must  be  A  K  acting  from 
A  towards  K. 

Take  another  place  A',  on  the  opposite  side  of  the  earth,  and 
let  the  length  M  A'  represent  the  attraction  of  the  moon  in  the 
direction  A'  towards  M. 

Reasoning  as  before,  the  force  now  acting  on  C  will  be  repre- 
sented by  the  length  M  K',  acting  in  the  direction  C  to  M'. 

The  resultant  force  is  now  A'K',  acting  from  A'  towards  K'.  So 
that  in  one  case  the  force  is  from  A  to  E,  and  at  the  same  instant 
it  is  from  A'  to  K' ;  and  both  are  vertical  forces  only. 

In  fig.  259,  let  B  be  a  place  on  the  earth's  surface.  As  before, 
let  the  length  M  B  represent  the  force  of  attraction  of  the  moon 


FiQ.  259. 

on  B ;  and  let  the  length  M  K  represent  the  force  acting  on  the 
centre ;  this  force  is  transferred  to  B,  and  shown  by  B  E',  acting  in 
the  direction  shown  by  the  arrow.  Complete  the  parallelogram 
M  E  E'B,  and  B  E  represents  the  residtant  of  the  two  forces  B  M 
and  B  E'.  This  resultant  B  E  is  now  resolved  into  two  directions : 
B  Y,  a  vertical  force  acting  at  B,  from  B  to  Y,  and  B  X,  a  hori- 
zontal force  from  B  to  X.  B  X  is  the  force  by  which  the  celestial 
bodies  retain  their  relative  positions ;  and  B  Y  is  the  force  which, 
Mozly  holds,  produces  tides.  By  a  similar  process  of  reasoning, 
it  will  be  seen  that,  at  B',  the  vertical  component  is  B'Y',  from 
B'  to  Y' ;  and  simultaneously  there  will  be  a  high  water  at  B  and 
at  B',  though  neither  will  be  as  high  as  at  A  or  A'. 

As  B  recedes  farther  from  A,  so  BY  becomes  less  and  BX 
greater,  until  at  a  position  where  B  C  M  is  54°  44'  there  is  no 
vertical  force ;  and  this  is  the  limit  of  the  moon's  '  tide  cone.'  ^ 

In  both  figures  the  moon  is  shown  as  over  the  equator ;  but  it 
may  be  placed  in  any  position  not  beyond  its  extreme  declination 
N.  or  S.,  showing  the  same  results. 

'  See  Tides  Simply  JExplaintd,  by  Moxly. 
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Minutes  to  be  Added   to  or  Sttbtbaoted  from  the  Lunitidal  In- 
terval, TO   FIND   THE    ESTABLISHMENT,   ACCORDING   TO    THE    MoON'B 

Transit  on  the  Day  in  Question. 
(1)  fide  li  days  old :-- 


Hour    of    the  "j 

h. 

h. 

h. 

h. 

h. 

h. 

h. 

Moon's  Tran-  > 

0 

1 

2 

8 

4 

5 

6 

sit  after  Sun.  ^ 

Gorreotion     ofj 

the  Lunitidal 

m. 

m. 

m. 

m. 

m. 

m. 

III. 

'  Interval      to 
find  the  Vul-   ' 

0 

+  16 

+  82 

+  47 

+  67 

+  60 

+  47 

gar  Establish- 

ment. 

h. 
7 


m. 

+  16 


h. 
8 


m. 
-16 


h. 
9 


m. 
-28 


h. 
10 


m. 
-26 


h. 
11 


m. 
-16 


(2)  Tide  2)  days 

old:- 

— 

h. 

h. 

h. 

h. 

h. 

h. 

h. 

h. 

h. 

h. 

h. 

h. 

Hour  of  Moon's  \ 
Transit           / 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Correction     ofj 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

the  Lunitidal  - 

0 

+  15 

+  31 

+  47 

+  62 

+  72 

+  76 

+  62 

+  31 

0 

-18 

-10 

Interval.         J 
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APPENDIX  XIV. 
(Supplied  bj  Lieutenant  P.  Griffiths,  R.N.R.) 

BUOYAGE. 

Explanation. 

Hb  who  surveys  a  harbour,  a  river,  or  an  estuary,  probably  becomes 
more  familiar  with  every  detail  in  it,  both  above  and  below  the 
water,  under  varying  conditions  of  wind,  weather,  and  of  tides,  than 
anyone  who  later  will  have  but  a  bowing  acquaintance  with  such 
a  place.  And  he,  more  than  any  other,  is  the  competent  authority 
who  can  state  on  the  chart  the  necessary  *  leading  lines '  or  '  clear- 
ing lines,'  and  give  the  *  sailing  directions '  as  well  as  advise  the 
buoyage.  The  converse  is  equally  true,  that  a  person  not  *  sur- 
veyingly  *  familiar  with  the  shoals,  tides,  and  other  conditions, 
such  as  visibility,  background,  etc.,  and  who  moreover  is  neither 
versed  in  the  buoyage  system  nor  master  of  the  necessary  know- 
ledge of  correctly  fixing  the  position  of  a  buoy  by  sextant  angles, 
is  certainly  not  the  most  suitable  for  that  duty. 

The  system  of  buoyage  has  been,  more  or  less,  brought  to  a 
state  of  uniformity  in  the  British  Isles,  and  in  general  principles 
a  similar  method  is  adopted  by  most  foreign  countries  (see 
Plate  XXII. ). 

With  the  exception  of  the  colours  of  'outside'  buoys,  and 
excepting  the  top-marks  of  St  George's  or  St  Andrew's  cross  on 
inside  buoys,  both  of  which  are  left  to  the  discretion  of  local 
authorities,  all  rivers,  harbours,  and  estuaries  in  Great  Britain  are 
buoyed  in  conformity  with  one  general  system. 

A  recognised  system  is  not  solely  for  a  pilot's  edification ; 
probably  he  is  the  last  who  would  require  any  system,  but  under 
many  conditions  it  is  essential  to  the  navigator.  The  first  con- 
ception of  buoying  was  merely  to  warn  the  navigator,  and  to 
indicate  the  position  of,  or  to  point  out,  the  hidden  danger. 
In  fact,  in  Norway  the  indication  system  was  so  elaborated  that 
the  direction  of  a  *  broom  *  attached  to  the  buoy,  whether  turned 
up  or  down  or  horizontal,  indicated  the  particular  direction  of 
the  shoal  from  the  buoy ;  and  in  some  other  countries  there  are 
still  traces  of  this  idea  left.  Evidently,  no  person  can  navigate 
a  channel  so  marked,  without  the  aid  of  a  pilot  to  pick  his  way 
between  the  shoals. 

*  Outside '  buoys  were  intended  to  serve  this  purpose,  warning 
being  the  first  necessity,  and  in  British  waters  do  so  still, 
but  by  their  shape  and  top-mark  merely  indicate  on  which  side 
it  should    be   left  when  going  with  the  main  flood-stream,  and 
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sometimes,  by  the  top-mark  only,  that  it  must  be  kept  close 
aboard  on  either  hand. 

To  these  'outside'  buoys  there  is  no  limitation  as  to  the 
arrangement  of  the  colours  allotted  to  them,  only  that  they  shall 
differ  as  much  as  possible,  and  that  they  shall  be  effective. 

Evidently  all  such  matter  in  connection  with  these  buoys  must 
vary  with  the  locality,  and  they  are  therefore  entirely  in  the 
hands  of  the  local  authorities. 

In  the  system  adopted  in  the  British  Isles,  after  passing  the 
outside  warning  buoy,  those  which  follow  are  placed  for  the  purpose 
of  guidance,  and  not  to  mark  a  danger,  though  incidentally  they 
more  or  less  serve  the  same  end ;  they  therefore  occupy  positions 
to  enable  the  pilot,  or  now  the  master,  to  steer  the  straightest  and 
safest  course,  and  to  map  out  the  greatest  possible  room. 

Therefore  they  are  not  necessarily  close  up  to  the  edge,  or  close 
to  the  ends  of  the  banks,  though  it  is  not  safe  to  go  inside  of  them. 

The  committee  on  the  uniform  system  of  buoyage  in  the  year 
1883,  bearing  the  system  of  guidance,  and  not  of  warning,  in  view, 
resolved  that  since  there  were  two  sides  to  a  channel,  and  that 
there  were  two  kinds  of  buoys,  each  shaped  diametrically  opposite 
to  the  other — that  is,  one  flat  topped  (can),  the  other  pointed  top 
(conical) — therefore,  one  shall  mark  one  side  and  one  the  other 
side. 

Owing  to  the  fact  that  most  countries  used  the  conical  buoy  on 
the  starboard  hand,  the  pointed  top  (conical)  was  elected  to  the 
starboard  hand,  entering  a  channel  from  seaward,  or  going  in  the 
direction  of  the  main  flood-tide  stream  when  in  the  open. 

The  flat  top  (can)  marks  the  port  hand  under  the  same 
conditions. 

In  order  that  the  flat  top  shall  float  at  about  an  equal  height 
as  the  other,  it  is  not  an  inverted  cone  (see  Plate  XXL). 

There  is  another  shaped  buoy — the  spherical  round-topped — 
which  is  practically  a  mixture  between  the  two.  This  buoy,  now 
provided  with  a  bilge,  floats  high  out  of  the  water,  and  was  there- 
fore reserved  for  the  ends  of  *  middle  ground  *  buoys,  situated  on 
either  hand  at  the  entrance  of  a  channel. 

The  next  resolution  was,  that  to  assist  in  the  identification,  the 
starboard-hand  buoys  shall  be  all  one  colour. 

This  gave  two  colours  for  the  starboard  buoys.  Red  (R)  or  Black 
(B.)  ;  White  being  inadmissible,  and  Green  being  used  for  another 
purpose. 

So  in  English  waters  all  Black  buoys  are  allocated  to  the 
starboard  side  of  main  channels,  while  all  Red  are  for  contiguous 
or  side  channels. 

The  middle  ground  buoys  shall  always  be  Black  with  White 
horizontal  bands  (B.W.H.S.),  or  Red  with  White  bands  (R  W.H.S.), 
the  stripeb  being  better  differentiated  when  White  is  narrower 
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than  the  Black  stripe.     Again,  as  in  the  case  of  channel  buoys,  the 
Black  and  White  for  main  channels  and  the  Red  for  side  channels. 

Port-hand  buoys  shall  be  parti-coloured;  but  since  B.W.H.S. 
or  R.W.H.S.  was  monopolised  by  the  middle  ground  buoys,  the 
arrangement  of  the  colours  had  to  be  altered  for  them. 

Hence  they  are  either  Black  and  White  (B.W.  cheq.)  or  Red 
and  White  chequered  (R.W.  cheq.),  or  Black  and  White  (B.W.V.S.) 
or  Red  and  White  vertical  stripes  (RW.V.S.) ;  in  both  oases  the 
White  occupies  less  space  than  the  Black. 

Also  this  allowed  for  B.W.V.S.  or  B.W.  cheq.  for  main  channels, 
and  R.W.V.S.  or  R.W.  cheq.  for  side  channels. 

Note. — B.W.  or  R.W.  was  decided  upon  because  such  colours 
are  more  easily  distinguished  than  Red  and  Black,  though  a  Red 
and  Black  buoy  as  a  mass  is  easier  *  picked  up.' 

Therefore  Black  and  Red  (B.R.)  was  the  parti-colour  in  any 
arrangement  allotted  to  outside  buoys. 

The  scheme  of  outside  buoys  follows  the  same  as  that  of 
harbours ;  that  is,  all  one  colour  starboard  hand  with  the  flood- 
stream,  an^  parti-coloured  on  the  other. 

The  next  consideration  was  top-marks.  Four  top-marks  were 
allocated  to  the  uniform  system,  being  the  Globe,  Cage,  Triangle, 
and  Diamond  (see  Plate  XXL),  merely  as  an  extra  mark  of  dis- 
tinction for  a  particular  buoy. 

The  Globe  or  Cage  is  used  for  channel  buoys,  Globe  on  the 
starboard  and  Cage  on  the  port  hand ;  while  the  Diamond  is  on 
the  outer  point  of  a  '  middle  ground '  buoy,  and  a  Triangle  is  on 
the  inner  point;  the  middle  ground  being  taken  as  a  whole, 
independent  of  how  often  it  may  be  traversed  by  smaller  channels 
(see  Plate  XX. :  N.W.  Shingles,  W.  Girdler,  and  E.  Shingles). 

The  crosses  (St  George  and  St  Andrew)  are  at  the  disposal  of 
the  local  authorities,  and  generally  mark  the  entrance  to,  or 
each  at  one  end  of,  a  side  and  shallow  cross  channel  (see  Swin 
Spitway  and  Wallet  Spitway),  and  may  be  left  on  either  hand. 

As  regards  names  or  numbers :  in  some  places,  the  names  are 
painted  on  the  buoys ;  in  others,  there  is  a  series  of  letters  or  of 
numbers,  the  latter  sometimes  arranged  with  odd  on  one  side  and 
even  on  the  other ;  but  this  is  entirely  at  the  option  of  the  local 
authorities,  and  is  quite  apart  from  the  general  system. 

Mooring  buoys  are  at  the  discretion  of  the  local  authorities. 

On  Plate  XX.  a  rough  outline  of  the  three-fathom  patches 
at  entrance  of  the  Thames  is  given,  showing  the  system  of 
buoyage  employed  by  Trinity  House;  and  at  a  glance  it  is 
seen  that  the  main  channels  buoys  are  Black  and  the  sttbeidicuy 
ones  Red. 

Take  first  the  Edinburgh  Channel.  On  leaving  the  Tongue  on 
the  starboard  hand  are  seen  conical  Black  buoys,  the  one  off  Knock 
John  being  a  special  gas  buoy ;  and  between  it  and  the  Black  Deep 
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Light-vessel  is  a  wreck-marking  vessel  which  shows  by  day  three 
balls  on  a  yard  20  feet  above  the  sea,  two  placed  vertically  on 
the  side  on  which  vessels  may  pass  in  safety,  and  one  on  the  other, 
and  by  night  three  white  fixed  lights  similarly  placed. 

On  the  port  hand  we  have  £.  Shingles  spherical  'middle 
ground '  buoy,  with  Black  and  White  horizontal  stripes,  surmounted 
with  staff  and  a  diamond ;  and  it  marks  the  outer  end  of  the 
Shingles  middle  ground. 

Next  we  have  the  can  buoys,  B.W.V.S.  or  B.W.  cheq.,  of 
which  the  N.E.  Shingles  is  a  special  gas  buoy  marking  the  north- 
east extension  of  the  Shingles.  Then  the  N.  W.  Shingles  a  '  middle 
ground'  buoy,  which  is  a  spherical  buoy  R.W.H.S.  surmounted 
with  a  triangle ;  this  buoy  marks  the  inner  end  of  the  Shingles 
middle  ground,  and  is  Red  and  White  because  it  also  marks  the 
end  of  the  Alexandra  Channel  (a  side  channel).  Continuing,  we 
come  to  the  W.  Girdler,  which  is  a  spherical  buoy  B.W.H.S. 
surmounted  with  a  triangle.  This  buoy  marks  the  inner  end  of 
the  combined  Shingles  and  Girdler  middle  ground.  Now  we  are 
back  to  the  Black  buoys  marking  the  main  channel. 

The  Shingles  and  the  Girdler  combined  may  be  taken  as  one 
large  middle  ground,  guarded  by  the  E.  Shingles  for  the  outer  and 
W.  Girdler  for  the  inner  ;  but,  as  there  is  a  channel  between  them, 
it  is  necessary  that  it  should  have  a  distinguishing  colour,  which 
is  Red. 

Again,  suppose  on  leaving  the  Tongue  on  starboard  hand,  we 
take  the  Princess  Channel ;  we  have  Black  buoys  on  both  hands 
marking  the  channel  right  up  to  the  W.  Girdler,  where  the  two 
tracks  meet,  and  continue  with  Black  on  either  hand.  But  should 
we  branch  off,  for  instance,  up  the  Queen's  Channel  or  Alexandra 
Channel,  we  immediately  find  a  change  of  colour,  and  the  buoys 
in  these  subsidiary  channels  are  painted  Red. 

In  addition  to  the  foregoing,  there  are  numerous  distinguishing 
marks  used  locally,  especially  when  the  same  type  of  buoys  are 
placed  close  together;  such  as  the  E.  Shingles  and  E.  Tongue, 
the  former  being  surmounted  by  one  diamond,  the  latter  by  two 
diamonds,  but  both  indicate  the  outer  ends  of  middle  grounds. 

United  States  and  Canada. 

In  the  United  States  and  Canada  the  star-hand  buoys  are 
Red  conical  or  spar ;  the  port-hand.  Black  can  and  spar. 

Mid-channel  buoys  are  conical  with  Black  and  White  vertical 
stripes,  and  must  be  passed  close  to. 

Isolated  danger  or  obstruction  has  a  conical  buoy  with  Black 
and  Red  horizontal  stripes:  it  may  be  passed  on  either  hand. 
Perches  with  balls  and  cages,  etc.,  will,  when  placed  on  buoys,  be 
at  turning-points,  the  colour  and  number  indicating  on  what  side 
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they  are  to  be  passed.  Quarantine  buoys  are  painted  yellow.  If 
buoys  are  lettered  or  numbered,  even  numbers  from  seaward  are 
painted  in  White  on  starboard,  and  odd  numbers  on  port  hand. 

France. 

The  starboard-hand  buoys  are  Red,  and  conical  in  shape,  with 
top-mark  a  Red  triangle. 

On  the  port  hand.  Black  conical  buoys,  with  top-mark  a  Black 
cylinder. 

Dangers  and  obstructions  have  conical  buoys  with  horizontal 
stripes,  Red  and  Black,  top-mark  a  globe. 

Outer  middle  grounds  have  conical  buoys  with  Black  and 
White  horizontal  stripes,  with  top-mark  a  Black  diamond. 

Inner  middle  grounds  have  conical  buoys  with  horizontal 
stripes,  Red  and  White,  with  top-mark  two  Red  inverted  cones. 

Germany. 

In  Germany  the  colour  of  can  and  conical  buoys  is  much  the 
same  as  in  the  British  Isles,  but  the  reverse  in  shape,  that  is,  can 
on  the  star  hand  and  conical  on  the  port  hand. 

Like  the  United  States,  they  have  a  mid-channel  buoy, 
spherical  in  shape,  with  Red  and  Black  stripes. 

The  outer  and  inner  ends  of  middle  grounds  are  also  spherical, 
with  Black  and  Red  horizontal  stripes,  each  surmounted  with  a 
cross. 

HoLijLND  AND  Belgium. 

The  Dutch  and  Belgian  is  considered  an  excellent  system,  and 
as  regards  marking  the  channels  is  much  the  same  as  the 
British,  as  seen  on  comparison ;  but,  in  addition  to  the  above, 
distinguishing  buoys  are  used  for  outside,  of  which  several  are 
shown  in  Plate  XXII. ;  but  they  have  no  special  colour  or  positioD 
assigned  to  them — they  are  merely  a  guide.  The  Dutch  charts 
show  their  buoyage  system  very  plainly. 
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(fhnn  seawstd)  and  marked  in  wbitk  by  tbe  fint  letter 
in  ume  of  channel. 


APPENDICES. 


473 


CONSTRUCTION  OP  BUOYS. 

Buoys  are  now  constructed  of  steel  plates  riveted  together, 
although  some  of  the  old  wooden  ones  are  still  in  use ;  "but  the 
latest  pattern  is  that  of  forged  steel,  w^hich  has  the  advantage  of 
being  lighter,  therefore  they  are  more  buoyant  and  there  is  less 
risk  of  leakage  through  the  rivets  in  case  of  collision.  They  are 
also  divided  into  compartments,  and 
have  ballast  chambers.  A  well-con- 
structed buoy,  unless  cut  into,  will 
stand  a  considerable  amount  of 
battering  and  still  remain  water- 
tight, especially  if  of  the  forged 
pattern ;  and  their  shape  under  water 
depends  entirely  on  their  intended 
use.  They  are  moored  with  a  flat 
sinker  as  in  fig.  260,  varying  in 
weight  according  to  the  size  of  the  Fig.  260. 

buoy. 

In  describing  the  special  buoys  it  would  be  well  to  take  them 
singly.  First  take  the  automatic  gas  buoy.  Any  buoy  may  be 
fitted  with  it,  and  if  required  may  also  have  a  bell  or  whistle,  and 
there  are  different  systems  in  use.  The  buoy  is  fitted  with  a 
reservoir,  and  is  charged  with  gasolene  sufficient  to  bum  from  two 
to  three  months  without  recharging  providing  the  coupling  and 
valve  remains  tight ;  but  they  are  rather  troublesome.  The  lamp 
bums  the  oil  without  the  intervention  of  a  wick,  coming  from  the 
reservoir  through  a  special  valve ;  and  the  alternating  or  occulting 
character  is  given  by  the  rotation  of  a  screen  by  the  action  of  the 
heat  of  the  flame. 

The  light  is  generally  a  flash  or  occulting ;  the  former  showing 
a  single  flash,  with  a  duration  of  darkness  greater  than  that  of  the 
light.  The  latter  is  a  continuous  light,  with  at  regular  intervals 
one  sudden  total  eclipse,  the  duration  of  the  light  being  greater 
than  that  of  the  darkness. 

Acetylene  gas  buoys  have  been  experimented  with,  but  are  not 
satisfactory  or  reliable. 
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Here  it  may  be  well  to  remind  the  navigator  that  the  lights  are 
liable  to  be  obscured  by  the  deposit  of  salt  on  the  lantern,  or  the 
mechanism  failing,  and  that  buoys  should  be  regarded  onljr  as 
secondary  aids  to  navigation. 

Vessels  should  be  navigated  by  bearings  and  angles  of  fixed 
shore  objects,  as  the  buoys  cannot  be  depended  on,  especially  when 
placed  in  exposed  positions,  where  they  are  liable  to  drift. 

Also,  with  regard  to  automatic  sounding  signals,  submarine  and 
above  water,  that  there  are  areas  of  silence  in  different  directions 
and  at  different  distances  even  when  in  close  proximity ;  therefore 
the  navigator  should  not  assume  that  he  is  out  of  distance  because 
he  fails  to  hear  the  sound,  or  if  he  hears  it  faintly  that  he  is  a  good 
distance  from  it,  or  vice  vena. 

The  accompanying  sketch  (fig.  261)  is  that  of  a  bell  buoy  used 


Fio.  261. 

for  marking  outlying  dangers  or  approaches;  it  works  auto- 
matically. The  bell  is  secured  to  the  top  of  the  buoy,  which  has 
a  skeleton  framework  supporting  four  loosely  hanging  hammers, 
so  that  whatever  angle  the  buoy  takes  up,  one  of  the  hammers 
would  strike. 

The  whistle  buoy,  also  automatic,  is  considered  superior  to  the 
bell  buoy.  It  consists  of  a  buoy  traversed  by  a  long  steel  tube, 
the  lower  end  of  which  is  open,  the  upper  end  being  closed,  and 
to  which  is  fitted  the  whistle  and  a  non-return  valve. 

As  the  buoy  bobs  up  and  down,  it  causes  the  water  in  the  tube 
to  rise  and  fall  accordingly ;  when  it  falls,  the  space  in  the  tube 
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is  filled  with  air  entering  through  the  non-return  v&lve,  which,  on 
being  compressed  by  the  rise  of  the  vater,  Forces  its  waj  through 
the  whistle,  uauaing   it  to  sound.     This   buoy  is  moored   by  a 


chain  to  a  band  secured  round  the  tube,  and  is  fitted  with  a 
rudder  opposite  to  the  chain,  to  guide  the  tube  dear  of  the 
mooric^  ohiun  in  a  tideway. 
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Abbreviations  and  symbols  (Plate  I.)  ....  185  Chap.  III. 

of  inscription 190  388 

Abnormal  tides       .........  271  488 

Absolutes,  mean  of,  for  longitude  or  error  of  chronometer  89  115 

Example 448App.  IIL(6) 

Accurate  plotting  of  angles  by  chords      ....  56  151 

Adequate  sounding 806  588 

Adjusting  tangent  screw  of  sextant  for  a  series  of  obser- 
vations           8  28 

Adjustment  of  observed  angles  of  a  triangle  228  Chap.  III. 

Example 231,232 

Adjustment  of  sextant.     See  Sextant  adjuitmenU, 

of  station  pointer  vernier 65  167 

of  ten-foot  (lO-ft)  pole  for  scale (468  App  vA? 

of  theodolite.     See  Theodolite  adjustments, 

of  triangulated  positions  from  astronomical  diff.  lat.  /  453  App  Y. 

andlong.  \244  448 

Advancing  the  readinc  in  azimuth  when  taking  T.B.'s  188  302 

Advantage  of  artificial  horizon 85  107 

of  setting  off  angles  by  chord  scale  on  protractor  .         .  55  148 

by  chord  table       ....  56  151 

Age  of  tide 269  476 

Example  of  application 288  516 

Altitude  azimutn  by  equal  altitudes         .  106  footnote 

Example  of  calculating  and  observation  for .  105  282 

time  to  observe  for .98  226 

Amalgamated  trough  for  artificial  horizon        ...  28  96 

advantage  of 29  97 

low  altitudes  with 29  97 

Amending  a  chart,  details  on,  and  occasion  for  838  Chap.  X. 

when  scale  is  sufficiently  large,  Example  (Plate  Y III. )  348 

enlarging  the  scale  for -|  ^^^  .^g 

soundings  on 880  671 

on  an  enlarged  scale,  Example  (Plate  IX.)  846  680 

when  necessary  to  re-triangulate 840  677 

Anchorage  marked  on  a  plan 188  380 

Anchoring  for  station  pointer  fix,  when  necessary    .  94  214 

Angle,  horizontal  danger 67  170 
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Angle  of  spread  of  theodolite  lege   . 

Angle  set  off  by  chord  aoale  on  protractor 

advantage  of 

by  chord  table 

advantage  of 

by  edge  of  protractor  .... 
Angle,  sextant— error  in,  due  to  &alty  adjuetment  and 
construction      .... 
horizontal,  how  calculated 

how  obtained        .... 
position  of  receiving  (parallax) 
telescope  for  taking .... 
total  error  in,  when  taking 
Angle,  theodolite,  horizontal  . 
method  of  writing  down 

necessity  to  refer  to  zero  after  taking 

probable  errors  in         .        .        . 
probable  errors  in — a4justment  of 
vertical  for  elev.  and  dep. 
for  elev.,  corrections  to  (babble  error) 
Angle,  vertical,  dan^r  .... 
formula  for  diht  connected  with   . 
Anffles,  adjustment  of,  to  total  180* 

Example 

Angles,  errors  in,  when  fixing  by  station  pointer 

good  and  bad,  for  station  pointer  fix    . 
ow  to  set  off,  for  tracing-paper  fix 
how  written  down  for  station  pointer  fix 
for  tracing-paper  fix         .        .        . 
Angles — necessary  to  fix  coast  marks 
projected  by  chord  scale  on  protractor  . 

by  chord  table 

by  protractor.     See  PmtrcuioT, 
shown  on  sketch  for  fixing  purposes 

for  plotting  purposes 
should  be  taken  directly  over  or  under  the  mark 
taken  non-simultaneously  for  station  pointer  fix 
simultaneously  for  station  pointer  nx 
not  plotted,  in  triangulation    . 

Angular  measurement  with  sextant 


held  handle  up 
forT.B.      . 


reduced  to  horizontal  angle,  Examples 
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Aro  of  Bextant,  gnduatioii  of 7  18 

plane  of,  at  right  angles  to  pivot ...                 .11  29 

reading 'off' 26  82 

Arc  of  theodolite,  horizontal,  graduation  of  119  255 

vertical,  error  in 151  824 

scale  on — diff.  hyp.  and  base 184  282 

use  of,  for  eley.  and  dep.  ...                 .        .  128  277 

Arcs  of  reference,  intersection  of 67  171 

error  in,  due  to  error  in  angles          ....  80  186 

figures  formed  by  errors  in  angles     ....  82 

Artificial  horizon  (Art.  Hor.),  advantage  of     .        .         .  85  107 

construction  of,  and  how  to  prepare  for  use  ...  28   Chap.  V II. 

error  in  faces  of  glasses  on  coYer 30  100 

method  of  pouring  the  mercury  in        ....  29  99 

method  of  using,  for  observations         ....  36  109 

movement  of  suns  as  seen  in 31  105 

observations  with 80  103 

personal  error  in 32  106 

placing  and  direction  of 30  100 

position  of,  relative  to  surroundings     ....  30  102 

principle  of 34  107 

shallow  and  amalgamated  trough  for    ...         .  28  95 

to  amalgamate  a  trough  for 29  96 

Astronomical  and  triangulated  positions,  difference  be- 
tween, at  short  distances 110  237 

difference  between,  how  adjusted         ....  248  442 

'Example* 458        App.  V. 

Astronomical  check  to  fix,  when  used  248  445 


Astronomical  fix  combined  with  T.  B. 
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Astronomical  position  by  sea  sights         ....-[  q^^ 

by  shore  observations.    See  Latitude  and  longitude. 

by  T.B.'s  to  twoknown  pisitions                 .        .  245                444 

Azimuth  calculated  through  altitude  of  sun,  Example  105 

through  time.  Example 102                282 

time  to  observe  for 98               226 


*  Back  lash  '  in  tangent  screws 9  23 

Bad  fix  by  station  pointer,  effect  of,  when  sounding        .  305  587 

Bad  fix  supplemented  by  a  bearing  by  compass  88  198 

Bad  fixes  (station  pointer),  effect  of         ...         .  805  527 

Barometer,  effect  of  height  of,  on  tides   ....  265  456 

Base,  measurement  of,  by  chain,  in  portions   .  160  888 

by  M.H.  angle 168  341 

error  in,  by  chain 161  889 

by  M.  H.  angle 164  842 

patent  log,  Example 891 

Basenotapart  of  the  triangnlation        ....  888 

Benchmark 277  602 

position  of,  in  title  and  its  reference  to  the  L.W.O.S. 

datum 278  490 

position  of,  referred  to  tide-pole -I  277  km 

Boat  sounding.     See  Sounding, 

distance  covered  in  a  day 310  644 

sufficient  accommodation  required  when       ...  308  543 
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Babble  error 

Buoys.    See  Uniform  syttem  of  buoyage  .... 

CALOiTLATiNO^adjustments  of  triangnlation  to  astro- 
nomical position 

alt  azimath 

astronomical  position  from  T.B.'s  of  two  known  positions 

error  of  chron.  by  eqnal  altitudes  on  different  days 

by  equal  altitudes  on  same  day         .... 
by  mean  of  absolutes 

borizontal  angle  from  angular  measurement  with  sextant 

latitude  by  ex-meridians,  with  Art  Hor.     See  Laiitude. 
length  of  plotting  side.    See  Plotting  side. 
longitude  by  equal  altitudes  (and  see  Longitude)  . 

by  mean  of  absolutes.     See  Longitude, 
position  at  sea  by  *  new '  navigation 
scale  for  M.  H.  angle  survey 

for  10-ft.  pole 

time  azimath 

Cardp  compass,  error  of  centring,  how  eliminated 
Care  of  tripod  legs  of  theodolite 
Cause  of  tides  (and  see  Tides) .... 
Centre  of  tripod  legs,  necessity  for  plumbing  carefully 

Centring  error,  compass  card 

sextant 

elimination  of,  in  observation  for  latitude 

in  observation  for  longitude 
position  of  vernier  affected  by  . 
reading  of  vernier  affected  by  . 
station  pointer,  and  how  determined  . 
theodolite,  and  how  eliminated   . 

Certificate,  Eew 

Chain,  and  method  of  measuring  with 

deriving  a  right  angle  with .... 
Chaining  a  base  in  portions    .... 

a  len^  not  horizontal,  allowance  for  . 
Chart,  clearing  lines  (hor.  danger  angle)  on 
displacement  of  positions  on,  in  engraving  . 
Mercator,  construction  of  (and  see  Merecdor  chart) 

scales  necessary  on 

tidal  information  required  on       ...        . 

title  on,  authority  for  date  of      ...        . 
Check — angle  when  necessary,  when  fixing  with  station 
pointer 

of  position  by  one  line  of  true  bearing 

of  triangnlation  by  difference  of  astronomical  positions 
Cheokinff,  lines  of  reference  for,  when  plotting 

Chord  of  an  angle,  how  calculated 

Chord  scale  on  protractor 

Chronometer,  comparisons  for,  when  taking  equal  alti- 
tudes (see  Comparing  chronometers) 

error  of,  by  equal  altitudes  on  different  days 

by  equal  altitudes  on  san^e  day        .... 
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Direction  of  lines  of  soundings  for  M.H.  angle  survey              292  527 

for  plan  or  chart j^JJ  643 

how  to  steer  on 314  554 

of  plotting  side,  how  obtained 196  398 

of  tidal  stream,  and  strength  how  found      .                          267  467 
to  revolve  vernier  plate  when  taking  horizontal  angles 

with  theodolite 122  264 

Displacement  of  objects  on  published  chart,  in  engraving          62  note 

Distance  apart  of  coast  marks 218  427 

of  lines  of  soundings 303  53^ 

of  soundings 313  553 

Distance  obtained  by  10-fL  pole 153  827 

by  Cham      ...         - |  jg^  33^ 

by  elevations  and  difference  of  elevations                               252  44  S 

by  levelling  staff 155  332 

by  mast-h^  angle 162  340 

by  patent  log 249  446 

Distortion  in  gnomonic  projection 167  347 

in  Mercator  projection 170  852 

Distribution  of  triangulation  into  primary  and  secondary 

stations  and  coast-line  marks        .        .        .        .        211  421 

Disturbance  of  theodolite  levels  when  plates  clamped  too  tight    137  294 

Diurnal  inequality  of  tides 277  499 

Dross  in  mercury 28  92 

Edge  of  protractor,  occasion  for  using  when  plotting                 57  153 

Effect  of  using  bad  fixes  bv  station  pointer      .                          305  537 
of  wind  and  reading  of  barometer  on  height  and  time 

of  tide 265  458 

Elevations  by  sextant  angles  to  sea  horizon                               115  246 

to  shore  horizon 114  244 

corrections  for 464      App.  XI. 

(129  279 

131  280 

zero  for,  correction  to 129  279 

Elimination  of  errors  in  observations  for  latitude.     See  Latitude. 

for  longitude 36  109 

Empirical  reductions  to  soundings 282  515 

( 324  565 

Enlarging  published  chart  for  amending         ...     4  840  578 

( 346  580 
Equal  altitudes,  equation  of  (Plate  XYI.)                          440-442      App.  III. 

and  III.  (a). 

for  alt  az 106 

method  of  writing  down 37  111 

observations  for,  on  different  days,  Example  J  ...    .       j,|Y  x 

on  same  day,  Example 489       App.  VI. 

reason  for 36  109 

Equation  of  equal  altitudes,  formula  for  .  440      App^  IIL 

table  ofsigns  for  (Plate  XVI.) 442  (&oing) 

Equivalent  arc  for  angles  corresponding  to  distances        .          78  183 

Erecting  marks — primary,  secondary,  and  coast  and  sea  marks    212  423 

Error,  bubble,  in  theodolite 129  279 

elimination  of,  by  reversing  telescope    .                         130  279 

centring,  of  compass  card 145  312 
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Error,  centring,  elimination  of 145  312 

of  compass  verge  and  elimination  of  119  255 

of  sextant 10  25 

(    37  111 

elimination  of <'    41  us 

I  445       App.  IV. 

of  station  pointer 65  164 

of  theodolite 121  261 

elimination  of 119  255 

Error  in  arc  of  reference  due  to  error  in  angle  .  79  185 

in  distance  obtained  by  10-ft  pole       ....  153  327 

by  chain 161  339 

by  difference  of  elevations  252  448 

by  mast-head  angle 164  342 

bypatentlog {24»  446 

in  faces  of  glasses  of  artificial  horizon  cover ...  30  100 

in  hour-angle  in  determination  of  latitude    .  40  118 

in  latitude  when  observing  for  true  bearings  98  226 

in  length  of  plotting  sides,  obtained  by  chain  161  339 

by  M.H.  angle 164  342 

by  patent  log 361  586 

in  misplacing  the  station  pointer  legs  over  objects  83  190 
in  observations  taken  with  sextant  stand  in  artificial 

horizon 34  107 

in  sea  horizon 42  123 

in  position  depending  upon  the  cut  of  arcs  of  reference  80  186 

of  lines  of  reference 76  183 

in  positions  of  objects,  on  a  published  chart.  62        footnote 

shot  up  from  station  pointer  fixes     .        .        .        .  i  „??  i?? 

'^  1341  579 

in  position  of  visible  horizon -(  f  5        •      ^^'^ 

*^  1 99        footnote 
in  projecting  angles  by  the  graduation  on  the  edge  of 

protractor 58  141 

in  sea  sights 43  123 

of  chronometer  by  equal  altitudes  on  different  days  385  593 

Example 441  App.III.(a) 

on  same  day 37  m 

Example 459      App.  VI. 

by  the  mean  of '  absolutes  * 443 

of  graduations  on  theodolite 121  261 

of  observation  when  observing  with  sextant         .         .  27  90 

of  observed  angle  in  fixing  by  station  pointer  82  188 
of  plotting  sides  which  are  obtained  with  station  pointer 

fixes 341  519 

of  position,  from  intersection  of  two  lines,  depending 

upon  receiving  angle  and  distance     ...  76  Chap.  XII. 
from  intersection  of  two  arcs,  depending  upon  cuts 

of  arcs,  error  of  observation,  and  size  of  circles  .  80  186 

obtained  by  lO-ft.  pole  and  bearing,  how  squared  in  240  440 

in  a  running  survey 861  5S6 

when  fixing  by  station  pointer,  effect  on  sounding  805  527 

effect  on  position  of  oDJects  shot  up   ...  62  160 

Error,  personal 32  106 

Error,  sextant— centring 10  25 

oollimation  (and  see  Collimatian,  sexUmt)    ...  20  64 

convexity  of  glasses 12  35 
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Error,  sextant — faulty  constraction        ....  10 
horizon  glass,  faulty  adjustment  of  (and  see  ffarizon 

glass) 18 

incidental 27 

index  glass  (and  see  Index  glass)  17 

index  (I. E.) 28 

instrumental 27 

Kew 14 

parallax,  due  to  vernier  not  lying  flat  .  11 

plane  of  pivot  and  arc 11 

prismatic,  of  glasses 11 

shade,  and  elimination  of 13 

total,  due  to  faulty  adjustment 27 

due  to  faulty  construction 27 

elimination  of -[  ^q 

negligible  in  sea  sights 23 

vernier,  caused  by  centring  error  14 

Error,  total,  of  observation 27 

EsUblishment  of  H.W.F.  and  G.    See  If.  W.R  and  C. 

Everest  theodolite 184 

{281 
282 

adjustment  of  triangulation  to  astronomical  positions  .  458 
altitude  and  angular  measure  taken  alternately  by  same 

observer 105 

amending  the  details  on  a  foreign  chart  (Plate  VIII.)  .  843 
amendmg  the  soundings  on  a  chart  (Plate  IX.)  on 

an  enlarged  scale 846 

ri78 

application  of  convergenoy  to  find  Mercatorial  bearing  -I  246 

1267 

applying  to  age  of  tide 284 

to  tide  reductions 288 

calculating  astronomical  position  from  two  T.B.*s        .  246 

error  of  chronometer  or  longitude  by  equal  altitude  f  885 

different  days  \  441 

same  day 369 

bv  mean  of  absolutes 443 

horizontal  angles  from  angular  measurement  102 

sun's  T.B.  through  altitude  azimuth        .  105 

tiirough  time  azimuth 102 

coast-lme  with  10- ft.  pole  and  compass  259 

constructing  a  Mercator  chart 169 

correcting  angles  for  false  A 1  228 

I  281 

angles  of  a  triangle  to  equal  180*      .        .        .        .  -t  ngo 

corrections  to  soundings  for  stretch  of  lead  line    .        .  824 

enlarging  the  scale  of  a  chart  for  purposes  of  sounding  846 

erroneous  triansulation  and  inadequate  data  207 

establishing  a  £itum  from  H.  W.  mark  on  the  shore  286 

extended  survey  of  a  river,  and  squaring  in .  244 

extending  base  to  plotting  side,  by  difference  of  elevations  252 

ri95 

through  connecting  triangles \  202 

(222 

marks  seaward  for  coast  sounding    ....  262 


PAL 

Chap.  XL 

51 
89 
48 
73 
90 
38 
2SI 
29 
31 
37 
88 
87 
111 
118 
72 
41 
90 

283 


App.V. 

232 

576 

580 
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Example — fixing  positioii  of  obflerrer  astronoinioally,  by 
sea  signts,  showing  errors  of  observation  ana 

probable  position  (Plate  XII.)  .        ...  869               689 

position  of  observer  bV  calculated  angles  witii  one  /  203               418 

direct  line  of  reference  \  224 
by  station  pointer,  and  diooting  up  objects  on  the 

shore  (Plate  VIII.) 848 

by  T.  B.  from  the  shore,  with  angles  taken  at  ship  289               521 

astronomically  by  T.B/s  to  two  known  positions  .  245               444 
position  of  outer  buoys,  or  of  a  shoal,  where  one  shore 
object  only  is  visible,  combined  with  position 

line  by  sea  sights 881               672 

position  of  outer  buoys  when  two  shore  objects  are 
visible  combined  with  one  astronomical  line  of 

position,  and  fixing  by  angle  to  a  star        .  851                582 

heights  by  sextant  angle  to  sea  horizon  115                246 

to  shore  horizon 114                244 

by  theodolite,  with  formula 181                280 

with  10-ft.  pole 138                281 

with  levelling  staff 155               881 

latitude  by  ex-meridian,  by  sun 887               594 

by  star  (Pole) 889                595 

by  stars  in  pairs 449  App.  !¥.(&) 

levelling  to  find  height 156               888 

M.H.  angle  survey,  bearings  taken  from  ship,  sounding 

lines  run  on  transits  (Plate  IV.)   ....  298               529 

scale  for  plotting 800 

measured  base  by  M.H.  A.  as  plotting  side  .  206               416 

Mercator  chart  construction 168               851 

meridian  distance,  by  derived  sea  rate  424               617 

by  direct  sea  rate 426 

by  mean  of  harbour  rates 480 

by  travelling  rate  (indirect  sea  rate)                          .  427 

telegraphic 459      App.  VI. 

projecting  angles  by  chord  scale  and  chord  table  .        .  57,  58 
reducing  angular  measurement  by  sextant  to  horizontal 

angle 102               282 

regular  survey   of  an  anchorage,  combined  with   a 

running  survey  of  the  outside  coast   .  876               590 

reporting  position  of  ehoal  and  tentative  sketch   .  50               186 
scales  of  latitude  and  of  longitude  and  natural,  and 

relation  to  Ordnance  Survey  scales        .        .  179               872 

sextant  angle  survey  with  notes  (Plate  XIV.)                .  899               596 
shooting  up  a  number  of  objects  from  positions  fixed 

by  sUtion  pointer  (Plate  VIII.)    ....  343 

sketch  for  sextant  angles 49                184 

for  theodolite  angles 405 

sounding  a  shoal  on  an  enlarged  scale,  plotting  from 
two  points   selected   from   the   published   chart 

(Plate  IX) 846                580 

sounding  extended  seawards,  marks  necessary         .  261               462 
off  a  pomt,  necessary  points  fixed  on  any  arbitrary 

scale  (Plate  VI.) 324               565 

on  and  off  a  coast,  parallel  lines,  in  feet  and  inches, 

showingsubsidiary  lines  required  (Plate  V.)  819               564 

starring  lines  through  a  shoal  (Plate  VII.)  327                566 

tide  reductions  by  tide  clock 281                518 

by  tide-pole  readings 285 
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Ezample^triangolation  by  sextant  angles,  UloBtrating 
plotting  positions  by  direct  angles  and  calcu- 
lated angles 198 

Illustrating  measured  base  by  chain  and  plotting  side  205 

by  M.H.  A..,  base  being  the  same  as  plotting  side  .  206 
illustrating  time  occupied,  nature  of  marks  erected, 
fixing   coast    marks,    sketch    for   topography, 
correcting  false  A,  and  finding  height  by  shore 

horizon  (Plate  XL) 218 

true  bearing  (T.B.)  of  an  object,  by  alt.  azimuth  and 
angular  measurement  with  sextant,  taken  alter- 
nately by  one  observer 105 

by  time  azimuth  and  angular  measurement  with 

sextant             102 

by  time  azimuth  and  theodolite  angle  .  141 
and   observations    for    variation,    with    theodolite 

angles  and  compass 146 

with  verge  of  compass,  and  compass  147 

uniform  system  of  buoyage  in  Thames  estuary  470 

Excess,  arc  of,  on  arc  of  sextant 8 

arc  of,  on  vernier 7 

spherical 165 

Extemporised  levels  for  levelling  H.  W.  mark  to  tide-pole  261 

Extending  base  to  plotting  side 195 

Example 222 

Extension  legs  for  station  pointer 65 

of  a  triauj^lation,  t.«.  plotting  outwards     .  211 

Faces  of  sextant  glasses,  prismatic  error  in     .  11 

False  or  satellite  ^,  when  necessary  214 

correcting  angles  for 214 

Figures  formed  by  the  intersection  of  arcs  when  observed 

angles  are  in  error 82 

Fix,  bad,  effect  of,  in  position  of  sounding  805 

best  and  worst,  with  station  pointer    ....  86-91 

by  one  angle  and  a  bearing  by  compass        ...  88 

with  angles  plotted  on  tracing-paper    ....  71 

writing  down  angles  for 60 

writing  down,  for  station  paper 60 

Fixes,  distance  apart  on  line  of  soundings  313 

good  and  bad,  by  station  pointer          ....  81 

Fixing,  at  back  of  paper  with  station  pointer  .  70 

by  station  pointer,  rapidity  and  advantage  of      .         .  69 

when  angles  not  taken  simultaneously      ...  92 

when  necessary  to  anchor 94 

by  tracing-paper 71 

( *>03 

coast-line  marks  and  other  objects  by  calculated  angles  I  ^24 

definition  of 60 

errors  in,  with  station  pointer 62 

the  position  of  outer  buoy  or  shoal  distant  from  land, 

one  object  in  sight 831 

two  objects  being  in  sight,  and  by  angles  between 

a  star  and  two  objects 351 

of  observer  by  astronomical  observations,  with  arti-  / 108 

ficial  horizon  1 1^1 

with  sea  horizon.  Example  (Plate  XII.)     .  381 

by  station  pointer  fixes  (and  see  Station  poirUer)    .  71 
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157 
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187 
178 
173 
211 
214 
179 
413 

155 
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572 

582 
235 
240 
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Fixing  the  position  of  obaerver  by  troe-bearine  line,  supple- 
mented by  astronomical  observations 

supplemented  by  sea  sights       .        .        .        . 

supplemented  by  triangulation .        .        .        . 

to  two  objects 

obtained  through  star 


by  true  bearings 


from  the  shore  and  angles  at  ship 
of  natural  objects  on  the  shore  by  shooting  up  . 

of  primary  stations 

of  secondary  stations        .        .        .        .        . 

of  shoal 

Focussing  for  the  wires  in  the  theodolite  telescope  . 

Foreshore  by  10-ft  pole  and  compass 
Formula  for  convergency         ..... 
for  heights 
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111 

108 
109 
118 
858 

98 
107 
246 
289 

60 
201 
202 
288 
289 
126 
\136 
260 
171 
116 
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240 
286 
236 
241 

S26 
288 
444 
621 
168 
409 
411 
620 
621 
271 
290 

366 
footnote 


'  Ghosts  *  in  sextant 

Onomonic  projection 

convergency  of  meridians  on 

distortion  on       ...        . 

scales  of  latitude  and  longitude  on 

true  bearing  on  . 
Glasses,  sextant,  prismatic  error  in 

squeezed 


Good  fixes  with  station  pointer  (figs.  61a,  68,  64  (a)) 

Graduation,  error  of,  in  station  pointer   . 

in  theodolite 


of  arc  and  vernier  of  sextant 


Gravity,  force  of,  disturbins  effect  on  plane  of  surface 
of  mercury  in  artificial  horizon  .... 
Great  circle,  nearest  distance  between  two  places 

on  gnomonic  projection       ...... 

on  Mercator  chart 
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141 

166 
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\171 

167 

/167 
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97 

11 

12 

18 

87 

89 

191 
66 

128 
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27 
165 
165 

97 


120 

846 

846 

864 

847 

348 

866 

219 

80 

86 

58 

196 

208 

210 

160 

269 

7 

18 

89 
844 
346 
220 


H.W.F.  and  C.  (vulgar  establishment)    ....  269  477 

method  of  establishing /269  480 

necessity  for,  on  chari; |268  469 

use  of.  Example 288  616 

zero  for  (siziffy) 269  477 

H.W.O.S.,  high  water  at  ordinary  springs  182  280 

Heights,  correction  to,  for  state  of  tide    .  115  245 

datum  for 116  246 

formula  for,  calculating 115        footnote 
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il88 
115 

obtained  by  sextant  angles 118 

to  sea  horizon 116 

to  shore  horizon 114 

by  theodolite  elevation  or  depression  181 

when  correction  for  curvatare  necessary  182 

( 183 
with  lO-fL  pole,  or  levelling  staff    ....-[  ^^^ 

ofmud  and  sand  above  L.W.S.  (Plate  I.)     ...  187 

how  obtained 816 

when  all  possible  accuracv  required      ....  116 
when  only  approximate,  out  relatively  correct  116 
High  low  tides  and  low  high  tides  at  springs  .  271 
High  neap  tides  and  low  spring  tides      ....  272 
High  water,  method  of  deducing  time  of,  from  establish- 
ment, and  Example 467 

method  of  finding  time  of  daily        ....  269 

Horizon  glass . 2 

adjustment  of 18 

convexity  of,  when  squeezed 12 

residual  error  from  faulty  adjustment  .  18 

shades  for,  plane  of 18 

size  of,  in  relation  to  object  glass  of  telescope  6 

squeezed,  cause  of 12 

{43 
99 

Horizontal  angle 47 

deduced  from  angular  measurement  by  sextant    .  104-106 

obtained  with  theodolite 120 

to  obtain,  by  sextant  .......  48 

Horizontal  danger  angle 67 

Horizontal  distance  by  chain  .      ' 160 

by  levelling  staff 155 

Importance  of  correct  reductions  to  soundings       .  804 
Impracticability  of  measuring  correctly  the  three  angles 

of  a  triangle  by  means  of  the  sextant    ...  8 

Inaccuracy  in  setting  off  angles  by  the  edge  of  protractor  63 

Inadequate  data,  example  of,  in  a  survey         .  207 

Incidental  error  when  observing  with  sextant ...  27 

Index  error  in  sextant 28 

check  to  observation  for 25 

elimination  of 25 

how  found 24 

necessity  to  know 26 

residual  error  from  faulty  observation  ....  26 

(24 

when  left  in,  and  when  removed i  aa 

Index  glass,  adjustment  of 17 

error  in  angle  due  to  faulty  adjustment  of   .  18 

error  in  angle  due  to  prismatic  error  in        .        .         .  17 

Index  plate,  position  of,  in  theodolite      ....  120 

Ineffectiveness  of  negative  soundings       ....  807 

Information  required  on  title  of  chart      .                 .  189 
Initial  object  from  whence  angles  are  measured  (and  see 

Ziro) 48 

Inlet,  coast-line  of,  by  triangulation        ....  286 
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281 

S31 

S77 

658 

247 

249 
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51 

34 

61 

37 

18 

34 
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128 

259 
131 
171 
337a 
332 

536 
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140 

417 

89 
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260 
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Intenection  of  aioB  of  position 80  186 

figaree  formed  by,  wnen  angles  in  error        ...  82  figs.  60 

Intersection  of  lines  of  position 76    Chap.  XII. 

of  lines,  best  angle  of  oat,  and  of  check                         .  211  420 

cocked  hat  formed  by 60  160 

Interval  between  obserrations  for  eanal  altitudes    .  89  117 

between  sea  sights  for  necessary  cnange  of  bearing  872 

Innitidal 268  474 

Jkffbbs'  mxthod  of  obeerring  for  true  bearing  101  231 

Esw  s&ROR 14  38 

L.W.O.S.,  low  water  at  ordinary  spring  tides  (and  see 

Tide  datum) 276  494 

bench  mark  referred  to 278  490 

datum  for,  on  tide-pole,  how  found  from  readings  of 

hich  and  low  water 277  504 

how  drauced,  from  observations  with  tide-pole  through 

springtides 278  605 

from  marks  of  H.W.  on  the  shore,  and  Example  -I  JLa 

from  rocks  marked  awash 280  510 

without  bench  mark 277  584 

Lagginff  of  the  tide 269  475 

Latitude— determination  of,  by  Art.  Hor.        ...  40  118 

„             ,,    &. — by  stars  448  App.IV.(a) 

M             I.     ,t       „  sun  887  594 

,,              II     H       f>  Pole  star        .        .  389  595 
,,             no  to  find  suitable  stars  to  pair  for  448  App.  IV.(a) 

,,             ,,   by  sea  sights       ...  369  589 

length  of  a  mile  in  a  given    ....  459      App.  VII. 
neoessanr  observations  to  eliminate  errors  with 

Art  Hor 40  118 

,,                „        ,,        ,,       investigation  445      App.  IV. 

„                „        ,,        „       by  sea  sights  48 

scale  of— on  gnomonio  projection   ...  167  •  848 

„        on  Mercator  cnart   ....  178  867 

Lead  line— meUiod  of  marking 310  545 

stretch  of,  while  in  use 317  561 

up  and  down,  for  all  soundings                      '  |  315  555 

Length  of  chain 158  334 

of  10-ft.  pole 289  439 

of  levelling  staff 154  830 

of  mile  in  a  given  latitude 176  360 

formula  for 462     App.  VII. 

n96  391 

of  plotting  side  on  paper,  how  derived         ...  -I  324  565 

(877  591 

Level,  extemporised 279  509 

Level  of  theodolite  disturbed  when  plates  clamped  too 

tightly 137  294 

Level,  on  vernier  plate  of  sextant 41  121 

when  sea  horizon  is  substitute  for         ...        .  278  508 

Levelling  plates  on  theodolite 119  259 

Levelling  staff,  description  of 154  330 

horizontal  distance  found  by 155  332 
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Leyelling  staff,  leyelling  with         ... 

method  of  using,  to  determine  height  .        .        .        . 

to  determine  horiisontal  distance  by  chain 
to  measure  a  distance 
Levelling  theodolite,  method  of 
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See  Theodolite  adjustment. 
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Levels  on  theodolite,  adjustment  of 

position  of 
Line  of  position,  astronomical 

by  Pole  star 

lines  of  soundings,  direction  of  (and  see  Sounding) 

distance  apart  of        .        .         . 

fixes  on     . 
soundings  on 
Longitude — by  Eq.  Alt — on  different  days 

Example 

elimination  of  all  errors  in 
on  same  day   . 
by  mean  of '  absolutes '         .         .         . 
scale  of — on  gnomonic  chart 
,,         on  Mercator  chart  . 
Low  high  tides  and  high  low  tides  .... 
Low  sprinff  tides  and  hieh  neap  tides 

Lunar  and  anti-lunar  tides 

Lunitidal  interval  ....  .         . 


Main  or  primary  A,  position  of,  relative  to  plotting  side 
Making  a  false  station,  and  necessity  for 

sketch  for  plotting  angles  from    . 

for  tentative  fixing 
Marffin  of  a  plan,  how  drawn .... 

MarKing  a  lead  line 

Marks,  angles  taken  directly  over  or  under 

coast,  angles  necessary  to  fix 

distance  apart  of 

natural 

nature  of,  suitable  for  coast-line  . 


for  main  A 
loan 


for  secondary  stations       .... 
supplementary,  for  sounding  on  open  coast,  how  shot  up 

Mast-head  angle  (M.H.  A.),  distance  obtained  by 


error  m   . 
plotting  side  by  . 
shoal  sounded  by 
survey  by   . 
Example  (Plate  IV. ) 
accuracy  involved    . 
direction  of  sounding  lines 

by  transits   . 
occasion  for     . 
reductions  to  soundincs  for 
system  of  plotting  and  fixing 
tabulated  working  scale    . 
Mean  water  level  ( M .  W .  L. )     . 
Measuring  a  base  chained  in  portions 
Mercator  chart,  construction  of 


384 
889 
809 
808 
318 
818 

89 
r885 
\  441  App. 

86 

87 

443  App. 
179 
178 
271 
272 
271 
268 
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331 
281 
881 
282 
382 
291 

258 

595 
548 
534 
551 
553 
117 
598 

IIL(o) 
109 
111 

IIL(6) 
872 
867 
485 
487 
488 
474 


210 
214 
49 
60 
175 
810 
218 
218 
213 
218 
212 
212 
212 
262 
ri62 
\206 
164 
206 
289 
288 
298 
288 
291 
292 
288 
290 
291 
309 
276 
166 
168 


419 
429 
184 
180 
note 
545 
428 
426 
427 
425 
425 
423 
424 
453 
840 
416 
342 
416 
522 
518 
Chap.VIL 
519 
526 
527 
518 
524 
526 

495 
388 
851 
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Mercator  chart,  distoitioii  in 170  352 

great  circle  on 97  220 

reason  for  adoption  of 168  849 

scale  of  latitude  on 178  867 

Mercatorial  bearing |  .?^  „er 

difference  between  tme  and 98  222 

Mercury,  dross  on 28  92 

cleaning 28  98 

how  to  pour  out  into  artificial  horixon ....  29  99 

Meridian  distance 415    Chap.  XII. 

by  derived  sea  rate 422 

Example 424  607 

by  direct  sea  rate 426 

by  mean  of  harbour  rates 430 

by  travelling  rate  (indirect  sea  rate)     ....  427 

telegraphic,  Example 459       App.  VI. 

use  of 415  598 

{2S1 
282 
Method  of  observing  to  minimise  the  difference  between 

angular  measurement  and  horizontal  angle   .        .  48  181 

Mile,  length  of,  in  a  given  latitude,  formula  for  finding  .  462     App.  VII. 

Movement  of  tides  referred  to  motion  of  moon         .  268  472 

Mud-flats,  sounding  over 316  558 

Nattbal  marks 218  425 

{176  368 

179  871 

Neap  tides 272  486 

high 272  487 

proportion  of,  to  spring  tides 278  488 

Negative  soundings,  ineffectiveness  of    .  807  541 

'New  navigation,*  fixing  position  by  (Plate  XII.)  .  369  589 

Non -synchronisation  of  tidal  wave  and  tidal  stream  266  464 

Normal  tides 268  471 

Number  of  feet  in  a  mile  in  a  stated  latitude,  formula  462     App.  YII. 

Obsrryatiokb  for  azimuth,  altitude       ....  106  282 

for  azimuth,  time 102  232 

for  error  of  chronometer,  by  equal  altitudes,  different  /  386  593 

days  \  441  App.  Ill.(a) 

same  day 459       App.  VI. 

by  mean  of  absolutes 448 

for  latitude,  on  each  side  of  the  prime  vertical  40  118 

on  each  side  of  the  zenith 41  118 

Example 449'App.  iy.(&) 

by  equal  altitudes 89  117 

by  mean  of  absolutes 443  App.  III.  (&) 

for  longitude  on  each  side  of  the  meridian    ...  87  111 

for  T.B.  with  theodolite 139  308 

Example 141 

for  variation,  with  compass  verge  angles  147  317 

with  theodolite  angles 146  315 

with  artificial  horizon  (and  see  Artificial  horizon)  30  108 

personal  errors  in 32  106 

Observing  with  one  eye  and  reading  off  with  the  other  139  298 

Order  of  taking  angles  when  fixing  by  station  pointer  98  212 
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Paeallax  in  Beztant 

investication  of       .        .  .... 

table  of  corrections  for 

in  vernier  when  not  lying  flat 

Patent  loff,  distance  by,  for  plotting  side  in  running  survey 

Example 

for  survey  of  a  creek 

error  in,  how  deduced 

tentative  distance  by,  for  plotting  side  in  regular  survey, 
Examples 
Personal  error  in  observations  with  artificial  horizon 

*  Picking  up '  transits  to  steer  by  when  sounding 

Placing  plotting  side  on  paper 

protractor  when  setting  off  angles  by  the  edge 

telescope  of  theodolite  in  correct  position     . 

with  wire  horizontal 
Plan,  anchorage  marked  on,  leading  lines  and  tide  arrows 

margin  for,  how  drawn 

meridians  on,  when  drawn  . 

natural  scale  on 

projection  of 

scales  of  latitude  and  distance  and  of  longitude  on 

title  on 

Plane  of  horizon  glass  shades.     See  Horizon  glats, 
of  pivot  and  of  arc  in  sextant 
of  sextant  when  taking  angles 
Plotting  angles  by  chord  scale  on  protractor 
by  chord  table         .... 
by  edge  of  protractor 
coast-line  when  '  walked  in ' 
with  10-ft.  pole,  distances  and  angles 

Plotting  check  lines,  correct  initial  line  for 

'  inwards '  and  *  outwards '  . 
lines,  value  of,  depending  upon  receiving 
length 

and  arc,  showing  equivalent  value  of 
M.H.  angle  survey      .... 

regular  survey 

secondary  stations       .... 

soundings 

the  main  triangulation 

tide  diagram  for  daily  rise  and  fall 

for  semi-lunation     .... 

Plotting  side 

accessibility  of  ends  of         .        .         . 
derived  from  chained  distances,  errors  in 

from  station  pointer  fixes,  error  in   . 
direction  of,  how  obtained  . 

enlargement  of 


extension  of,  from  measured  base 

length  of,  calculated  through  two  triangles 


angl 


e  and 
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3 

5 

485 

App.  I. 

487 

App.  L 

11 

29 

861 

686 

867 

249 

446 

881 

/879 
\899 

596 

82 

106 

/812 
\814 

550 

554 

195 

898 

61 

138 

185 

5:88 

129 

278 

188 

880 

176 

note 

98 

224 

179 

871 

171 

854 

ri78 

\179 

869 

370 

189 

381 

11 

29 

2 

8 

64 

144 

56 

151 

61 

138 

285 

487 

242 

441 

ri97 
211 

401 

420 

212 

422 

76 

183 

78 

184 

290 

524 

218 

430 

202 

411 

318 

552 

201 

409 

275 

494 

276 

495 

194 

393 

210 

418 

164 

342 

341 

579 

196 

398 

/824 
840 

565 

678 

195 

396 

-  222 

432 

.227 

note 

/222 
\820 

432 
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Plotting  side,  length  of,  direct,  by  M.H.  angles  {206 

tentative,  by  patent  log,  Example   ....  899 

most  correct,  to  plot  from 194 

most  suitable 194 

placing,  on  paper 195 

various  metnods  of  obtaining  bearing  and  distance  in 

running  survey 361 

when  inaccessible,  to  calculate  angles  from  ends  of  346 

Pole,  for  sounding 310 

ten-foot  {lO-ft.)  (and  B&e  Ten-foot  pole)  152 
tide.     See  Tide-pole, 
Position,  astronomical,  by  sea  sights  (and  see  Latitude  and 

Lon^ude) 869 

by  shore  observations.    See  LaiUude  and  Longitude. 

by  T.B.,  to  known  positions 246 

with  sea  sights { 831-836 

with  shore  observations Ill 

compared  with  triangulated  positions  at  short  dis- 
tances         110 

how  adjusted 453 

required  on  plan      .         , 189 

Position  of  artificial  horizon 80 

of  lead  line  when  sounding 804 

of  main  A  relative  to  plotting  side     .  210 

of  main  ^,  secondary  and  sounding  or  coast-line  marks  205 

of  receiving  angle  in  sextant 2 

of  tide-pole 278 

lines  by  T.B.,  effect  in  latitude  and  longitude  886 

Primary  or  main  ^,  how  selected 210 

marks  suitable  for 212 

Prismatic  error  of  sextant  glasses  (and  see  Index  glass)    .  1 1 

Probable  shape  and  size  of  shoals 302 

Problems  on  tides  and  tide  reductions     ....  288 

Projecting  angles  by  chord  table,  advantage  and  accuracy  of  54 

Projection,  enomonic  (and  see  Ghwmonic  pr^ection)  165 

Mercator  (and  see  Mereator  chart)        .  168 

plain,  for  plans  (and  see  Flan) 171 

Promiscuous  sounding,  uselessness  of      .        .  306 

Proportion  of  spring  tides  to  neaps 273 

Proportional  corrections  for  stretch  of  lead-line  317 

Protractor 51 

angle  projected  with,  by  chord  scale     ....  54 

when  applicable 54 

by  chord  table 56 

by  edge  of 51 

inaccuracy  in 58 

Examples •  57-59 

scales  on 57 

size  of,  desirable 58 

Published  chart,  displacement  of  objects  on,  when  en- 
graving          62 

Pnrohaong  a  sextant 15 
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416 
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894 
395 
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586 
580 
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825 
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287 
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881 
102 
585 
419 
414 
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491 
578 
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423 
80 
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516 
145 
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Range  of  tide 277  489 

Reading  angle  on  sextant '  off'  the  arc    ...         .  26  82 

Receiving  angle,  at  a  position 194  394 

position  of,  on  sextant 2  3 

Reducing  angular  measurement  to  horizontal  angle .         .  47  128 

Example 104-106 

Reducing  time  of  H.  W.  to  moment  of  sizigy    .  269  480 

Reductions  to  soundings,  by  tide  clock    ....  281  513 

by  tide- pole  readings  throughout  a  tide  282  514 

empirical  scale 282  515 

feet  and  corresponding  fraction  of  fathom    .  817  561 

importance  Of  correct {IJ^  ^« 

problems  and  examples 283  516 

Reference  of  tide  to  moon's  position         ....  268  472 

to  bench  mark  for  tide  datum 265  456 

Referring  back  to  zero,  necessity  for,  when  using  theodolite  138  297 

level  of  bench  mark  to  tide-pole 156  383 

Re-measuring  lead  line  after  using 317  561 

Reversing  anf;les  on  station  pointer,  occasion  for     .  70  178 

legs  of  station  pointer,  occasion  for       ...         .  70  176 

theodolite  telescope  for  elevations  or  depressions  .  130 

Right  angle  derived  by  means  of  a  chain  1 59  336 

Rise  and  fall  of  tide,  diagram  of  plotting         ...  275  494 

Rise  of  neaps 277  501 

of  springs 277  500 

oftide 277  497 

River  coast-line  with  10-ft  pole 242  441 

River  survey  (Pkte  III.) 250  447 

squarinffin 244  443 

Rocks  ma^ed  awash  at  L.  W.S.  or  at  H.W.S.,  use  of  280  510 

Running  survey 360      Chap.  XL 

Example — snip  and  boat  (Plate  XI.)    ....  366 

ship  only,  for  coast  (Plate  XIII.)      ....  376 

boats  only,  for  sounding  channels     ....  390 
plotting  sides  for,  how  obtained  ....          361-364       586,  587 

squaring  in,  results  of 365  588 

when  applicable 361  585 


Sakd-flats,  sounding  over,  to  ascertain  height  of,  at 

L.W.S 816  558 

Scale,  i-inoh,  on  protractor 57  154 

chora,  on  protractor    . 54  146 

latitude,  on  gnomonic  chart 178  365 

on  Mercator  chart 178  367 

on  plan 178  369 

longitude,  on  gnomonic  chart 178  366 

on  plan 179  370 

*.     1          1  / 176  363 

natural,  on  plan -<  ^Lg  q^. 

of  Ordnance  Surveys  and  corresponding  hydrographic, 

to  interchange 177  364 

of  work  undertaken  governed  by  time,  etc.  .  195  398 

on  vertical  arc  of  theodolite,  diff.  hyp.  and  base  .  134  282 

Scales  on  charts  and  plans 176     Chap.IIL 

S^^o^^ {m        fooJLto 

Sea  rate  of  chronometer 421  606 
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Sea  sights,  errors  in        .                 42 

fixing  by 869 

Secondary  stations,  how  plotted 202 

(205 

position  of -[  211 

Ul2 

Selecting  a  sextant 15 

Selection  of  zero  for  sextant  angles 49 

for  shooting  up  objects 488 

{122 
128 

Semi-lunation,  dia^;iam  of  tides  dnring,  how  plotted  276 

number  of  tides  m 276 

Sentry,  submarine 816 

!64 
69 

vernier  to  a  required  reading 7 

Sextant 1 

adjusting  tangent  screw  for  a  series  of  observations  8 

adjusting  *  up  and  down '  piece,  for  observations .  5 

when  taking  angles 6 

adjustments,  collimations,  by  stars      ....  19 

in  a  room 21 

horizon  glass  (side  error) 18 

index  glass 17 

index  error,  when  advantageous       ....  26 

order  of 17 

angle  between  objects  of  diflferent  elevations  48 

devation  to  sea  horizon 115 

to  shore  horizon 114 

error  in,  when  taking  (and  see  under  '  errors '  below)  82 

horizontal 45 

place  of  sextant  when  taking        ....  2 

parallax  in  observed i  ^og 

reading,  'off' the  arc 26 

sketch 49 

telescope  necessary,  when  taking      ....  6 

total  error  in,  when  taking 82 

*  up  and  down '  piece  adjusted  when  taking  6 

vertical 113 

angular  measurement,  between  terrestrial  objects  45 

difference  between,  and  horizontal  angle  ...  45 

terrestrial  object  and  sun 97 

occasion  when  using  handle  up  for  .  97 

arc,  graduation  of 7 

of  excess 'off' the  arc 8 

of  excess  on  the  vernier 7 

plane  of,  relative  to  radius-bar  pivot  11 

'  back  lash '  in  tangent  screw 9 

centring  error  in,  by  faulty  construction               .  10 

by  maker 10 

(37 
elimination  of,  in  observations  .... 

misplacement  of  vernier  due  to         .... 

not  constant 

certificate  (Kew) 
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11 

14 

15 

14 
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128 

589 

411 

414 

421 

424 

44 

sketch  A 

App.  II. 

265 

269 

495 

496 

560 

162 

178 

19 

1 

28 

12 

15 

59-62 

67 

51 

48 

85 

48 

181 

246 

244 

188 

125 

8 
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App.  I. 

82 

184 

14 

188 

15 

242 

125 

125 

216 

217 

18 

21 
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26 
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27 

41 

48 
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Sextant,  collar  and  adjusting  acrews  on,  for  oollimation  . 
collimation,  adjastment  for  error  in,  by  stars 

in  a  room 

cause  of  error 

corresponding  error  in  angle  due  to  faulty  adjust- 
ment          

line  of 

screws  for  adjusting 

coloured  eye-pieces,  use  of 

convexity  of  glasses  in 

displacement  of  vernier  due  to  centring  error 

errors,  centring.     See  '  centring  error  in '  above, 
collimation.    See  *  collimation '  above. 

convexity  of  glasses 

horizon  glass,  faulty  adjustment  (and  see  Horizon 

glass) 

index  (I.E.)  (and  see /fu2fte  error)     .         .  . 

index  glass  (and  see  Index  glcM)      .... 

instrumental,  absorbed  in  sea  sights 

parallax  in  vernier 

plane  of  pivot  and  arc 

prismatic,  of  glasses 

squeezed  elass 

shade  and  elimination  of 

total  of,  in  adjustment  and  construction  . 

how  eliminated 

negligible  in  sea  sights 

graduation  of  arc 

of  vernier 

horizontal  angle  obtained  with 

horizon  glass.    See  Horizon  glass. 

index  error.    See  Index  error, 

index  glass.    See  ItuUx  glass, 

observation.    See  under  the  detailed  headings  for  nature 

of  observations, 
observing,  requirements  in  . 
parallax  m,  due  to  distance  apart  of  glasses 

due  to  vernier 

place  of,  when  taking  angles 

plane  of  radius  bar  pivot  and  of  vernier 

plane  of,  when  taking  angular  measurements 

prismatic  error  of  glasses 

questions  relating  to    . 

reading  *  off' the  arc    . 

receiving  angle  on,  position  of 

selecting  a  .... 

setting  the  reading  on 

shades,  coloured,  on 

plane  of  horizon  glass 
sounding     .... 
spring  tangent  wrew    . 

squeezed  glass 

stand  for     . 
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43 
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Sextant  surveys.    See  under  the  detailed  headings  for 
nature  of. 

tangent  screw 8  28 

telescope 4  9 

cross  wires  in,  use  of 22  68 

focal  centre  of 16  47 

used  for  angles 6  14 

for  observations 4  10 

for  sea  sights 6  14 

for  stars  by  sea  horizon 5  10 

view  of,  not  interrupted  by  shades   ....          15  46 

testing  value  of 28  71 

tube  without  glasses 6  16 

'  up  and  down '  piece -I  ^  j? 

used  handle  up,  occasion  when 97  217 

vernier,  arc  of  excess  on 7  19 

clamping  and  tangent  screw  attached  to   .        .        .            8  22 

effect  of  centring  error  on  position  of                         '       i  14  41 

graduation  of  . 7  18 

plane  of,  and  parallax  in  reading  angle  with     .        .          11  29 

reading '  off'  the  arc  with 26  82 

reading  with 7  18 

setting  a  reading  by  means  of 7  19 

when  used  handle  up 97  217 

Shallows,  tidal  stream  over     , 266  468 

Shoal,  probable  shape  and  size  of 802  588 

( 288  520 

fixed  by  one  line  of  T.  B.  and  sea  sights        .        .        .     -{  881  572 

(886  575 

by  sea  sights  (and  see  New  Ncmgatwn)    .                         869  589 

by  two  lines  of  T.B.  and  one  astronomical  check       .        108  285 

{r  A  1  Oft 

829  568 

reporting  the  existence  of 829     Chap.  IX. 

re-sounded  on  a  larger  scale  (Plate  IX.)                                 846  580 

sounded  by  M.H.  angle  and  bearing    ....        289  522 

by  starnnff  lines  (Hate  YII.) 827  566 

sounding,  when  obtained,  necessity  to  sound  an  area   .        880  571 

water,  always  sound  on  what  appears  to  be  .                         829  567 

Shore  horizon,  dip  for,  table 464      App.  IX. 

sextant  angle  of  elevation  to 114  244 

{AA  1  Rfi 

841  679 

coast-line  from  a  boat 288  486 

correct  zero  to  use  when 488       App.  II. 

error  in,  from  station  pointer  fixes  afloat      ...      J  g .^  579 

Size  of  protractor  desirable 58  148 

Sizigy 269  477 

Sketch  for  fixing  a  position  tentatively    ....          60  180 

(    49  185 

for  plotting,  and  how  to  make <  879 

(899 

for  topography 845 

with  sextant  angles 49  185 

with  theodolite  angles 405 

32 
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Sounding,  accommodfttion  neoeaaaiy  when       .  808  548 

always  obtain,  on  what  appears  to  be  shallow  water  329  567 

approximate  reductions  necessaiy  while               .  274  493 

corrections  to,  for  stretch  of  line 817  561 

Example 324 

datum  for  reduction  to.    See  Daiwmfor  soundings. 

direction  of  lines  when I  80»  548 

while  steering  by  compass  when  315  554 

directions  for .  311  548 

distance  between  each  fix  when 313  551 

between  each 813  558 

between  lines 803  534 

coYered  by  boat  per  day 310  544 

<»^»«'tI'.W.S {J8«  ^^ 

effect  of  bad  fix  on  position  when          ....  305  537 

effectiveness  of,  in  parallel  lines 305  538 

enlarging  the  scale  of  a  chart  for  (Plates  VI. ,  IX. )        .  |  ^  ^ 

excessiye  soundings,  when  thinned  out  307  542 

extending  soundings  seawaitl 261  452 

finding  direction  to  steer  in  when         ....-[  X^^  ^           \ 

fractions  of  fathoms,  how  shown  on  chart    ...  318  562 

importance  of  correct  reductions  to      ....  304  536 

in  a  river  and  creek 316  559 

in  a  tideway 315  555 

{187  877 

318  662 

and  feet,  how  plotted  on  chart 191 

how  written  down 191 

in  feet  and  inches,  how  stated  on  chart  and  how  written  / 191 

down  (Plate  V.) 1322 

ineffectiveness  of  crooked  lines  when    ....  308  543 

of  negative 807  541 

lead  *  up  and  down '  when I  ???  5?? 

mark  a  lead  line  for 310  545 

method  of  carrying  out,  in  a  boat        ....  311  548 

nature  of  bottom  to  be  obtained  when  ....  187  377 

necessity  to  keep  on  the  lines  drawn  for       .  305  537 

native,  ineffectiveness  of  .                .        .                 .  307  541 

offa  point  of  land         .                303  533 

{186  376 

316  558 

parallel  lines 311  531 

picking  up  a  position  for  starting,  by  angle  .         .  812  549 

picking  up  t»nsitB  for {|J2  MO 

placing  transit  marks  for,  when  necessary    .         .        .  315  554 

plotting 818  552 

pole,  how  used 310  546 

promiscuous,  uselessness  of B06  589 

purport  of SOI  530 

reductions  to.    See  Heductions  to  soundings. 

seitant,  use  of 26  86 

shoal.    See  Shoal. 
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/  818  552 
•      \  828 

stretch  of  lead  line  while 817  561 

proportional  correction  for  stretch     ....       '817  661 

Example 824 

sufficient  accommodation  required  when                                 808  548 

supplementary  lines  of,  when  necessary                         .        806  589 

supplementary  marks  for,  how  shot  up         .        .        .        263  458 

up  and  down,  very  necessary     .        .                          •     1  815  fifis 

Spherical  excess 165  846 

Spring  tangent  screw 9  28 

Spring  tides.    See  Tides, 

'  Squaring  in' errors  in  coast-line  with  10-ft.  pole    .        .        240  440 

error   in  extended  triangulation,  by    din.   of  astro-      )  244  448 

nomical  positions  obtained  at  botii  ends  (  458        App.  Y. 

running  survey .        865  588 

Squeezed  glass.     See  fforizon  glass. 

Stand  for  sextant ,42  122 

Stand  of  tide 267  466 

Standing  directly  over  or  under  mark      .                                  218  428 

Station  ^inter 64     Chap.  XI. 

adjusting  vernier  of 65       164,  167 

centring  error  in,  how  tested  for 65  164 

error  in  graduations  on 65  166 

error  of  each  leg  pasted  on  lid  of  box  of        .        .        .          65  168 

extension  legs  for 65  169 

manner  of  writing  down  angles  when  fixing  by     .                  60  156 

{67  171 

71  181 

principle  of 66  170 

reversmg  the  angles  when  angle  cannot  be  set  on                    70  178 

the  legs,  when  angle  cannot  be  set   .                                   70  176 

*  right '  and  *  left ' 70  175 

!fi4  t  on 

69  178 

testing,  by  ohorded  angles 64  168 

Station  pointer  fix,  anchoring  for 94  214 

angles  for 88  200 

taken  simultaneously 71  180 

{ft  A  ^  on 

69  178 

error  in 82  188 

when  not  taken  simultaneously     ....-[ 

check  angle  for,  when  necessary 62  159 

compass  bearing  with,  when  necessary         ...          87  195 

cuts  of  circles  associated  with 86-91         195-210 

fixing  by,  at  the  back  of  the  paper       ....          70  178 

order  of  taking  angles  for 98  212 

placing,  rapidly 69  173 

f  73 

«^'"* \SB  190 

positions  of  objects  for,  best,  undesirable,  and  worst    .     86-91         195-210 

rapidity,  accuracy  and  advantage  of    ...        .          69  178 

wnen  under  weigh 94  218 

writing  down  angles  for 60  156 

Stream,  tidal  (and  see  Tidal  stream)       ....        266  462 


88  189 

92  211 
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Strength  and  direction  of  tidal  stream,  how  ascertained  . 
Submarine  sentr/,  description  and  use  of 
Superior  and  inferior  passage  of  moon,  tides  at 
Surveys,  general  (and  see  under  the  special  heading  for 

nature  of) 

by  M.H.  angle  and  bearing  (Plate  IV.) 

combined  with  regular 

by  theodolite  ansles 

creek,  by  patent  log  and  compass         .... 

regular,  by  sextant  angles 

regular  and  partly  running,  by  sextant  angles 

river  bar 

running,  by  ship  and  boat  (Plate  XL) 
by  ship  only,  for  coast  (Plate  XIII. )         .        .        . 
by  boats  omy,  for  sounding  channels 
Symbols  and  abbreviations  on  chart  (Plate  I.) 

Tangent  screw,  '  back  lash  'in 

(sextant),  adjusting  for  a  series  of  observations 
spring  on 

when  at  the  last  threads  of  its  run,  cause  of  movement 

in  theodolite 

Tangenting  an  islet 

sketch  for 

Telescope,  sextant     See  Sextani  telescope. 

theodolite.    See  Theodolite  telescope. 
Ten-foot  (10-ft.)  pole      .... 

adapting  length  of,  to  scale  of  work  . 
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267 
316 
271 

192 
298 
298 
404 
249 
899 
878 
260 
366 
878 
390 
186 

8 
8 
8 

187 
860 
868 


coast-lining  with 

construction  of    . 

distance  obtained  with,  and  errors  in 

height  obtained  with,  how  to  use. 

scale  of  distances  for,  how  constructed 
Testing  a  sextant    .... 
for  parallelism  of  theodolite  plates 
station  pointer     .... 
vertical  plane  of  theodolite  . 

Theodolite,  adjustment  for  collimation 

for  horizontal  plate  levels 

for  reversion  in  telescope  level . 

for  roll  in  telescope  level . 

angles,  adjustment  of,  in  a  tqangle  to  sum  to  180 

horizontal,  method  of  observing 

method  of  writing  down 

reading  off  both  verniers 

repeatmg  angles  when  not  Z.O.K. 

revolvincr  vernier  plate  in  one  direction 

settinff  the  zero  reading  for  . 

zero  object,  to  select     . 
necessity  to  refer  back  to  Z.O.K. 

zero  readinn  used 
vertical,  for  elev.  and  dep. 

error  in — ^bubble  error 
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!289 
468 
289 
242 
154 
158 
J  138 
\154 
239 
23 
161 
64 
151 
il26 
)149 
161 
150 
150 
(281 
\282 
188 
121 
121 
128 
122 
187 
122 
128 
128 
129 
129 
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467 
560 
483 

Chap.  I. 


596 
446 
596 

447 


Chap.  III. 

28 
28 
23 

296 

584 

Fig.  226 


325 
439 
App.VIIL 
489 
441 
329 
327 
281 
881 
489 
71 
823 
163 
324 
275 
318 
322 
821 
320 


297 
268 
261 
268 
264 
294 
265 
267 
269 
279 
279 
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Theodolite,  angles,  vertical,  error  in,  reversing  telescope 

to  eliminate 180  279 

zero  for 129  279 

compass  attached  to 148  808 

diff.  hyp.  and  base,  scale  on  vertical  arc       .        .         .  184  282 

difference  of  heights  found  by 181  280 

directions  how  to  set  up 189  803 

disturbance  of  levels  when  clamping  horizontal  plates  .  137  294 

error,  centring,  how  eliminated 121  261 

graduations  on  horizontal  plate  121  261 

how  minimised 128  269 

in  position  of  cross  wires 126  ^5 

non-parallelism  of  horizontal  plates  .                          .  151  828 

vertical  arc 161  324 

Everest  or  transit 184  283 

eye-piece  and  shades  for  sun  observations     .  188  299 

focussing  for  wires  in  telescope -!  ,  q^  aaq 

horizontal  plate,  graduation  of 119  257 

level  in  telescope,  adjustment  of .  150       320,  321 

lerelling  plates {\^  268 

screws 185  291 

levels  on  upper  plate 119  258 

adjustment  of 151  822 

observations  for  T.B 189  808 

observing  with  one  eye  and  reading  off  with  the  other  .  188  298 

play  in,  due  to  tangent  screw 137  296 

position  of  the  indexes  on  horizontal  arc  of  .        .  120  260 

of  verniers  relative  to  line  of  telescope       .        .  121  262 

scale  of  diff.  hyp.  and  base  on  vertical  arc    .  184  282 

setting  the  zero  reading 187  294 

tangent  screws 187  296 

telescope,  adjustment  for  level  on,  for  reversion   .        .  150  321 

for  roll 150  820 

collimation  error  in 126  275 

adjustment  for i  ^ .g  ^^ 

1        J          .        i.                                                        \  126  270 

coloured  eye-pieces  for     ...        .                 .J  j„g  299 

focussing  for  object 125  272 

for  wires  in 135  290 

level  on,  adjustment  of 160  321 

manner  of  placing 135  289 

micrometer  wires  in 127  276 

necessity  of  centre  of  cross  wires  being  over  the  object  125  274 

necessily  to  be  held  firmly  in  its  place                       .  125  278 

position  of  cross  wires  in 126  275 

sujpports  for  ( Y's) 125  278 

wires  or  webs  in 125  271 

placing  horizontal ■{  ^gg  gjj 

testing  parallelism  of  horizontal  plates  151  328 

vertical  plane  of 151  324 

to  level 185  291 

to  set  up 189  308 

to  take  out  of  the  box 135  288 

transit  or  Everest 184  288 
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Theodolite,  tripod  legs,  angle  of  spread  ....  136  267 

care  of  screw  on 185  285 

plumbing  correctly 185  286 

top  of,  roughly  horizontal 186  292 

true  bearings  obtained  with.                         .      *.  188  800 

Example 141 

verniers,  position  of 120  260 

zero  realiings  of,  usually  adopted  and  set  .  121  261 

when  unusual  zero  reading  made  use  of         .  128  269 

vertical  arc,  error  in 151  824 

Thinning  out  excessive  soundings 307  542 

Third  angle  of  a  triangle  not  a  check  to  plotting     .        .  209 
Tidal  arrows.    See  AhbrevicUions  and  symbols  on  chart 
(Pkte  I.) 

Tidal  stream,  cause  of 266  462 

direction  and  strength  of,  how  ascertained  .  267  467 

distinction  between  current  and 267  468 

effect  of,  over  shallows 266  463 

information  regarding,  required  on  chart  267  467 

not  synchronous  with  tide  wave        ....  266  464 

Tide,  abnormal  and  normal 268  471 

age  of,  lagging 269  476 

Example  of  application 284 

at  superior  and  inferior  passage 271  483 

cause  of  true 269  476 

clock  for  reductions  to  soundings         ....  281  518 
datum  (L.W.O.S.).    See  Datum/or  soundings, 

diagram  for  daily  rise  and  fall 275  494 

for  high  and  low  waters  through  a  semi-lunation  276  496 

diurnal  inequality  of 277  499 

effect  of  wind  and  of  height  of  barometer  on  265  468 
explanation  of  simultaneous  H.W.  on  both  sides  of  the 

earth. 465     App.XIL 

H.W.F.  and  C.    See  H,  W.F,  and  C. 

high  neap,  and  low  spring 272  487 

( 268  469 

information  relating  to,  required  on  chart    ...  -I  278  490 

U77       500, 601 

lagging  of 269  475 

low  high,  and  high  low 271  485 

lunar  and  anti-lunar 271  483 

movement  of,  referred  to  moon's  position                       .  268  472 

neap 272  486 

whenhiffh 272  487 

normal  and  abnormal 268  471 

observations  necessary  for  finding  time  and  height  of  .  269  479 

places  with  one,  daily 271  484 

pole,  erecting 273  491 

occasion  for  more  than  one 274  492 

position,  should  occupy 278  491 

reference  of  bench  mark  to \  n^^  608 

of  flotsam  at  H.W.  mark  to           ....  278  506 

ofH.W.  markto 278  507 

proportion  of  spring  to  neap 278  488 

range  of 277  498 

reductions  for.     See  Reductions  to  soundings, 

rise  of 277  497 
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Tide,  rise  of,  at  neaps     .......  277  601 

at  springs 277  600 

spring 270  482 

when  low 272  487 

stondof 267  466 

table  for  deducing  the  time  of  establishment         .        .  467    App.  XIIL 

true,  definition  of 266  460 

wa^a  nf  /  266  461 

^•^^^^ 1268  478 

Tides,  number  of,  in  a  lunation 276  496 

Time  azimuth  (and  see  AzimwUh  ccUcukUed  through  time)  102  282 

Time  of  H.W.   and  of  L.W.,  method    of  finding,  by 

tide-pole 269  479 

to  find,  from  establishment 467   App.  XIII. 

Time  of  H. W.  F.  and  C.  (sizigy >.    See  H.  W,  F.  and  G. 

Title  of  chart  or  plan,  information  to  be  included  in         .  189  881 

Topography 

Tracing-paper  fix l^^  J^J 

Triangulated  position  not  agreeing  with  astronomical   .  248  442 

Example,  squaring  in 458         App.  Y, 

Triangulation,  by  bearings 148  807 

distribution  o^  into  main,  secondary,  and  coast-line  211  420 

extension  of,  Example 212  422 

(See  under  the  various  headings  of,  in  Examples,) 

True  bearing 97  Chap.  XIV. 

asalineofreference  verifying  triangulation  111  240 

definition  of jjJJ  ^18 

difference  between  Mereatorial  and       ....  98  222 

of  an  object  by  angle  with  compass  verge  plate             .  147  817 

by  angle  with  theodolite 188  800 

Example 141 

by  angular  measurement  with  sextant  101  280 

Example jj^* 

for  deducing  the  position  of  true  meridian  98  226 

line  of  reference  by  (and  see  i^^n^  6^)     ...  98  225 

on  gnomonic  projection 97  219 

suitable  object  to  select  with  sun       ...  98  227 

of  sun  by  altitude  azimuth,  Example  .        .        .        .  105 

by  time  azimuth.  Example 102  282 

in  transit  with  object,  Jeffers' method                       .  101  281 

time  to  observe  for I    98  226 

on  gnomonic  projection 97  219 

(  98  225 

to  fix  by -{107  283 

( 245  444 

supplemented  by  astronomical  observations       .        .  Ill  240 

by  sea  sights 331-336        572-575 

by  triangn&tion 109  286 

to  two  objects 112  241 

obtained  through  star 858 

triangulating  by 148  807 

variation  found  by  means  of                .        .        .  147  816 

True  meridian,  position  of,  and  how  to  find     .  *     .  98  226 

use  of  in  plan 98  224 
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Uniform  system  of  buoyage 468 

Unplotted  angle  of  a  triangle  not  a  check  to  plotting       .  209 

'  Up  and  down  '  lead  line,  necessity  for  .        .        .        .  |  «?g 

piece  on  sextant 6 

Uselessness  of  promiscuous  sounding       ....  306 

Use  of  T.M.  on  plan 98 

Valux  of  plotting  lines  depending  upon  length  of  line 

and  of  receiving  angle 78 

Variation 144 

method  of  finding 144 

observations  for,  taken  with  compass  verge  .        .  147 

Example 148 

taken  with  theodolite 146 

( 141 

Example -i  ,^^ 

true  bearing  of  sun  by  altitude  azimuth    .        .        .  106 

by  time  azimuth 141 

where  not  to  place  the  compass  for  observations  for       .  144 

Vernier,  arc  of  excess  on 7 

clamping  and  tangent  screw  attached  to       .         .         .  8 

displacement  of,  owing  to  centring  error  -j  . . 

graduations  on,  and  reading  with         ....  7 

lyinf  flat  on  the  arc 11 

parallax  error  of 11 

reading  '  off'  the  arc  with,  on  sextant ....  26 

reading  with 7 

setting  a  reading  by  means  of 7 

Vertical  danger  angle 116 

sextant  angle 113 

f  48 

Visible  horizon,  error  in <g^ 

*  Walking  in  '  coast-line 235 

Wave  of  tide 266 

Wind,  effect  of,  on  tide 266 

T'b  supporting  theodolite  telescope       .        .                 .  126 

Z.O.K 122 

Z  not  O.K.,  importance  of  stating 123 

Zero,  for  measurement  of  time  of  tide  (sizigy)  .                 .  269 

r  123 

necessity  to  refer  back  to -!  ^^^ 

object  for  sextant  angles 48 

for  *  shooting  up ' 438 

for  theodolite  observation 122 

reading  of,  for  elev.  and  dep.  (bubble  error) .        .  129 

reading,  position  of  O*'  ana  180*  on  theodolite  relative 

to  telescope  .        .        .^ 121 

selection  of,  and  changes  in 128 

true  north,  when  triangulating  by  bearings .                .  143 
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